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ARITHMETIC. 

(QUESTIONS  1-75.     SEC.  1.) 


(1)  See  Art.  1. 

(2)  See  Art.  3. 

(3)  See  Arts.  5  and  6. 

(4)  See  Arts.  1C  and  11. 

(5)  980  =  Nine  hundred  eighty. 
605  =  Six  hundred  five. 

28, 284  =  Twenty-eight  thousand  two  hundred  eighty-four. 
9,006,042  =  Nine  million  six  thousand  forty- two. 
850,317,002  •=  Eight  hundred  fifty  million  three  hundred 
seventeen  thousand  two. 

700,004  =  Seven  hundred  thousand  four. 

(6)  Seven  thousand  six  hundred  =  7,600. 
Eighty-one  thousand  four  hundred  two  =  81,402. 
Five  million  four  thousand  seven  =  5,004,007. 

One   hundred   eight  million  ten   thousand   one  =  108,- 
010,001. 

Eighteen  million  six  =  18,000,006. 
Thirty  thousand  ten  =  30,010. 

(7)  In  adding   whole  numbers,  place  3290 
the  numbers  to  be  added  directly  under  504 
each   other   so   that   the   extreme   right-  865403 
hand  figures  will  stand  in  the  same  col-  2074 
umn,  regardless  of  the  position  of  those  8  1 
at  the  left.     Add  the  first  column  of  fig-  7 

ures  at  the  extreme  right,  which  equals    871359     Ans. 
19  units,  or  1  ten  and  9  units.     We  place 


2  ARITHMETIC.  §  1 

9  units  under  the  units  column,  and  reserve  1  ten  for  the 
column  of  tens.  1+8+7+9  =  25  tens,  or  2  hundreds  and 
5  tens.  Place  5  tens  under  the  tens  column,  and  reserve  2 
hundreds  for  the  hundreds  column.  2+4  +  5  +  2  =  13 
hundreds,  or  1  thousand  and  3  hundreds.  Place  3 
hundreds  under  the  hundreds  column,  and  reserve  the  1 
thousand  for  the  thousands  column.  1+2  +  5  +  3  =  11 
thousands,  or  1  ten  thousand  and  1  thousand.  Place  the 
1  thousand  in  the  column  of  thousands,  and  reserve  the 
1  ten  thousand  for  the  column  of  ten  thousands.  1+6  =  7 
ten  thousands.  Place  this  7  ten  thousands  in  the  ten 
thousands  column.  There  is  but  one  figure,  8,  in  the  hun- 
dreds of  thousands  place  in  the  numbers  to  be  added, 
so  it  is  placed  in  the  hundreds  of  thousands  column  of  the 
sum'. 

A  simple  (though  less  scientific)  explanation  of  the  same 
proMem  is  the  following:  7  +  1+4  +  3  +  4  +  0  =  19;  write 
the  9  and  reserve '  the  1.  1+8  +  7  +  0  +  0  +  9  =  25;  write 
the  5  and  reserve  the  2.  2  +  0  +  4  +  5  +  2  =  13;  write  the 

3  and  reserve  the  1.     1+2  +  5  +  3  =  11;  write   the  1  and 
reserve  1.     1  +  6  =  7;  write  the  7.     Bring  down  the  8  to 
its  place  in  the  sum. 

(8)  709 
8304725 

391 
100302 

300 

909 

8407336  Ans. 

(9)  (a)  In  subtracting  whole  numbers,  place  the  subtra- 
hend,  or    smaller   number,   under  the  minuend,   or  larger 
number,  so  that  the  right-hand  figures  stand  directly  under 
each  other.     Begin  at  the  right  to  subtract.      We  cannot 
subtract  8  units  from  2  units,  so  we  take  1  ten  from  the  6 
tens  and  add  it  to  the  2  units.     1  ten  =  10  units,  so  we 
have  10  units +  2  units  =  12  units.     Then  8  units  from  12 
units  leaves  4  units.      We  took  1  ten  from  6  tens,  so  only  5 
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tens  remain.     3  tens  from  5  tens  leaves  2 
tens.      In  the  hundreds  column  we  have  3    5  0  9  G  2 
hundreds   from   9  hundreds  leaves  6  hun-       3  3  3  8 
dreds.      We    cannot   subtract  3  thousands    47624     Ans. 
from  0  thousands,  so  we  take  1  ten  thou- 
sand from  5  ten  thousands  and  add  it  to  the  0  thousands. 
1  ten  thousand  =  10  thousands,  and  10  thousands  -f-  0  thou- 
sands =  10  thousands.      Subtracting,  we  have  3  thousands 
from  10  thousands  leaves  7  thousands.     We  took  1  ten  thou- 
sand   from    5    ten    thousands    and   have   4   ten   thousands 
remaining.     Since  there  are  no  ten  thousands  in  the  subtra- 
hend, the  4  in  the  ten  thousands  column  in  the  minuend  is 
brought   down   into   the    same   column   in    the   remainder, 
because  0  from  4  leaves  4. 

(b)   15339 
10001 
5338  Ans. 

(10)  (a)   70968        (b)   100000 

32975  98735 

37993  Ans.          1265  Ans. 

(11)  We  have   given   the   minuend  or  greater  number 
(1,004)  and  the  difference  or  remainder  (49).     Placing  these 

1004 

in  the  usual  form  of  subtraction,  we  have          —  in  which 

49 

the  dash  ( )  represents  the  number  sought.  This  num- 
ber is  evidently  less  than  1,004  by  the  difference  49,  hence, 
1,004  —  49  =  955,  the  smaller  number.  For  the  sum  of  the 

1004  larger 
two  numbers  we  then  have      955  smaller 

1959  sum.      Ans. 

Or,  this  problem  may  be  solved  as  follows :  If  the  greater 
of  two  numbers  is  1,004,  and  the  difference  between  them 
is  49,  then  it  is  evident  that  the  smaller  number  must  be 
equal  to  the  difference  between  the  greater  number  (1,004) 
and  the  difference  (49);  or,  1,004  —  49  =  955,  the  smaller 
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number.  Since  the  greater  number  equals  1,004  and  the 
smaller  number  equals  955,  their  sum  equals  1,004  +  955 
=  1,959.  Ans. 

(12)  The  numbers  connected  by  the  plus  (-f-)  sign  must 
first  be  added.     Performing  these  operations  we  have 

5902  3874 

8471  2039 

9023  5913  sum. 
23450  sum. 

Subtracting  the  smaller  number  (5,913)  from  the  greater 
(23,456),  we  have 

23456 
5913 
17543  difference.     Ans. 

(13)  $  4  4  6  7  5  =  amount  willed  to  his  son. 

26380  =  amount  willed  to  his  daughter. 
$  7  1  0  5  5  =  amount  willed  to  his  two  children. 
$125000  =  amount  willed   to  his  wife  and   two 

children. 

71055  =  amount  willed  to  his  two  children. 
$  5  3  9  4  5  =  amount  willed  to  his  wife.     Ans. 

(14)  In  the  multiplication  of  whole  numbers,   place  the 
multiplier  under  the  multiplicand,  and  multiply  each  term 
of  the  multiplicand  by  each  term  of  the  multiplier,  writing 
the  right-hand  figure  of  each  product  obtained  under  the 
term  of  the  multiplier  which  produces  it. 

7  times  7  units  —  49  units   or 


8  7 

4  tens   and   9  units.     We  write 

the   9   units   and   reserve   the   4 


34709   Ans.  =  M  tens; 


tens  reserved  =  60  tens,  or  6  hundreds  and  0  tens. 
Write  the  0  tens  and  reserve  the  6  hundreds.  7x3  hundreds 
=  21  hundreds;  21  -f-  6  hundreds  reserved  =  27  hundreds, 
or  2  thousands  and  7  hundreds.  Write  the  7  hundreds  and 
reserve  the  2  thousands.  7x6  thousands  =  42  thousands; 
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thousands  reserved  =  44  thousands,  or  4  ten  thou- 
sands and  4  thousands.  Write  the  4  thousands  and  reserve 
the  4  ten  thousands.  7x2  ten  thousands  =  14  ten  thou- 
sands; 14  +  4  ten  thousands  reserved  =  18  ten  thousands, 
or  1  hundred  thousand  and  8  ten  thousands.  Write  the  8 
ten  thousands  and  reserve  the  1  hundred  thousand.  7X5 
hundred  thousands  =  35  hundred  thousands;  35  +  1  hun- 
dred thousand  reserved  =  36  hundred  thousands.  Since 
there  are  no  more  figures  in  the  multiplicand  to  .be  multi- 
plied, we  write  the  36  hundred  thousands  in  the  product. 
This  completes  the  multiplication. 

A  simpler  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following: 

7  times  7  =  49 ;  write  the  9  and  reserve  the  4.  7  times 
8  =  56 ;  56  +  4  reserved  =  60;  write  the  0  and  reserve  the  6. 
7  times  3  =  21;  21  +  6  reserved  =  27;  write  the  7  and 
reserve  the  2.  7  X  6  =  42 ;  42  +  2  reserved  =  44 ;  write  the 
4  and  reserve  4.  7x2  —  14;  14  +  4  reserved  =  18;  write 
the  8  and  reserve  the  1.  7  X  5  =  35 ;  35  + 1  reserved  =  36 ; 
write  the  36. 

In  this  case  the  multiplier  is     ,^          700298 
17  units,  or  1  ten  and  7  units,  so  .  „ 

that  the  product  is  obtained  by  

adding    two    partial     products,  . 

namely,     7x700,298      and      10 

X 700, 298.      The    actual    opera-  11905066    Ans. 

tion  is  performed  as  follows: 

7  times  8  =  56 ;  write  the  6  and  reserve  the  5.  7  times  9 
=  63;  63  +  5  reserved  =  68;  write  the  8  and  reserve  the  6. 
7  times  2  =  14;  14  +  6  reserved  =  20;  write  the  0  and 
reserve  the  2.  7  times  0  =  0 ;  0  +  2  reserved  =  2 ;  write 
the  2.  7  times  0  =  0;  0  +  0  reserved  =  0;  write  the  0. 
7  times  7  =  49;  49  +  0  reserved  =  49;  write  the  49. 

To  multiply  by  the  1  ten  we  say  1  times  700,298  =  700,- 
298,  and  write  700,298  under  the  first  partial  product,  as 
shown,  with  the  right-hand  figure  8  under  the  multiplier  1. 
Add  the  two  partial  products;  their  sum  equals  the  entire 
product. 
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(c)  217  Multiply   any    two    of    the    numbers 

103       together  and  multiply  their  product  by 
651       the  third  number. 
2170 
22351 
67- 


156457 
134106 

1407517  Ans. 

(15)  If  your  watch  ticks  every  second,  then  to  find  how 
many  times  it  ticks  in  1  week,  it  is  necessary  to  find  the 
mimber  of  seconds  in  one  week. 

6  0  seconds   =  1  minute. 
6  0  minutes  =  1  hour. 

3600  seconds   =  1  hour. 

2  4  hours  =  1  day. 
14400 
7200 

86400  seconds  =  1  day. 
7  days  =  1  week. 


604800  seconds  in  1  week,  or  the  mimber  of  times  that 
your  watch  ticks  in  1  week.     Ans. 

(16)  If  a  monthly  publication  contains  24  pages,  a  yearly 

2  4       volume   will  contain   12  X  24,  or  288  pages, 

1  2       since  there  are  12  months  in  one  year;  and 

288       eight   yearly  volumes  will   contain  8  X  288, 

8       or  2,304  pages. 

2304     Ans. 

(17)  If  an  engine  and  boiler  are  worth  $3,246,  and  the 
building  is  worth  3  times  as  much,  plus  $1,200,   then  the 
building  is  worth 

$  3  24  6 

X   3 

9738 
+       1200 
$10938  =  value  of  building. 
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If  the  tools  are  worth  twice  as  much  as  the  building,  plus 
$1,875,  then  the  tools  are  worth 

$  1  0  9  3  8 

X    _  2 

21876 

+       1875 

$  2  3  7  5  1  =  value  of  tools. 
Value  of  building  =  $10938 
Value  of  tools         =      23751 

$34089  =  value  of  the  building 

and  tools,     (a)  Ans. 
Value  of  engine  and 

boiler  =  $      3246 

Value  of  building  and 

tools  =      34689 

$37935  =  value    of    the  whole 
plant,     (b)  Ans. 

(18)     (a)     (72  X48  X  28  X  5)  -v-  (96X15X7X6). 

Placing  the  numerator  over  the  denominator  the  problem 

becomes 

72X48X28X5  _  ? 
96X15X7X6 

The  5  in  the  dividend  and  15  in  the  divisor  are  both  divis- 
ible by  5,  since  5  divided  by  5  equals  1,  and  15  divided  by  5 
equals  3.  Cross  off  the  5  and  write  the  1  over  it;  also,  cross 
off  the  15  and  write  the  3  under  it.  Thus, 

1 


3 

The  5  and  15  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  1  and  3  placed  in  their 
stead,  and  treated  as  if  the  5  and  the  15  never  existed.  Thus, 

72X48X28X1 
96X3X7X6 
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72  in  the  dividend  and  96  in  the  divisor  are  divisible  by 
12,  since  72  divided  by  12  equals  0,  and  96  divided  by  12 
equals  8.  Cross  off  the  72  and  write  the  6  over  it  ;  also,  cross 
off  the  96  and  write  the  8  under  it.  Thus, 

6 


$5x3x7x6 

8 

The  72  and  96  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  6  and  8  placed  in  their 
stead,  and  treated  as  if  the  72  and  96  never  existed.  Thus, 

6  X  48  X  28  X  1  m 
8X3X7X6 

Again,  28  in  the  dividend  and  7  in  the  divisor  are  divisible 
by  7,  since  28  divided  by  7  quals  4,  and  7  divided  by  7  equals 
1.  Cross  off  the  28  and  write  the  4  over  it;  also,  cross  off  the 
7  and  write  the  1  tinder  it.  Thus, 

4 

6X48X^X1  m 
8X3X7X6 
1 

The  28  and  7  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  4  and  1  placed  in  their 
stead,  and  treated  as  if  the  28  and  7  never  existed.  Thus, 

6X48X4X1  . 
8X3X1X6 

Again,  48  in  the  dividend  and  6  in  the  divisor  are  divisible 
by  6,  since  48  divided  by  6  equals  8,  and  6  divided  by  6 
equals  1.  Cross  off  the  48  and  write  the  8  over  it;  also,  cross 
off  the  6  and  write  the  1  under  it.  Thus, 

8 

6X^X4X1  _ 
8x3x1X0 
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The  48  and  6  are  not  to  be  considered  any  longer, 
and,  in  fact,  may  be  erased  entirely  and  the  8  and  1  placed 
in  their  stead,  and  treated  as  if  the  48  and  6  never  existed. 
Thus, 

6X8X4X1  __ 

8X3X1X1  = 

Again,  6  in  the  dividend  and  3  in  the  divisor  are  divisible 
by  3,  since  6  divided  by  3  equals  2,  and  3  divided  by  3 
equals  1.  Cross  off  the  6  and  write  the  2  over  it;  also,  cross 
off  the  3  and  write  the  1  under  it.  Thus, 

2 
0x8x4x1  _ 

8x^x1x1  = 
1 

The  6  and  3  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  2  and  1  placed 
in  their  stead,  and  treated  as  if  the  6  and  3  never  existed. 
Thus, 

2X8X4X1  m 

8X1X1X1  ~ 

Canceling  the  8  in  the  dividend  and  the  8  in  the  divisor, 
the  result  is 

1 
2x$X4xl  __  2x1x4x1 

l  xl  =:  ixlxlxl' 


Since  there  are  no  two  remaining  numbers  (one  in  the 
dividend  and  one  in  the  divisor)  divisible  by  any  number 
except  1,  without  a  remainder,  it  is  impossible  to  cancel 
further. 

Multiply  all  the  uncanceled  numbers  in  the  dividend 
together,  and  divide  their  product  by  the  product  of 
all  the  uncanceled  numbers  in  the  divisor.  The  result 
will  be  the  quotient.  The  product  of  all  the  uncanceled 
numbers  in  the  dividend  equals  2xlX4xl  =  8;  the 
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product    of    all   the   uncanceled    numbers    in    the    divisor 
equals  iXlXlXl  =  1. 

2X1X4X1        8 

Hence'          ix 
2 


.   i  ?  '  ' 

(b)     (80  X  60  X  50  X  16  X  14)  ^  (70  X  50  X  24  X  20). 

Placing  the  numerator  over  the  denominator,  the  problem 

becomes 

80X60X50X16X14 


'OX  50X24X20 


=  ? 


The  50  in  the  dividend  and  70  in  the  divisor  are  both  divis- 
ible by  10,  since  50  divided  by  10  equals  5,  and  70  divided  by 
10  equals  7.  Cross  off  the  50  and  write  the  5  over  it;  also, 
cross  off  the  70  and  write  the  7  under  it.  Thus, 

5 

80x60x^x16x14  __ 
70X50x24x20 

7 

The  50  and  70  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  5  and  7  placed  in  their 
stead,  and  treated  as  if  the  50  and  70  never  existed.  Thus, 

80X60X5X16X14  _ 
7X50X24X20 

Also,  80  in  the  dividend  and  20  in  the  divisor  are  divisible 
by  20,  since  80  divided  by  20  equals  4,  and  20  divided  by  20 
equals  1.  Cross  off  the  80  and  write  the  4  over  it  ;  also,  cross 
off  the  20  and  write  the  1  under  it.  Thus, 

4 

$0x60x5x16x14 


1 
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The  80  and  20  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  4  and  1  placed  in 
their  stead,  and  treated  as  if  the  80  and  20  never  existed 
Thus, 

4X60X5X16X14  _ 

7X50X24X1 

Again,  16  in  the  dividend  and  24  in  the  divisor  are  divisible 
by  8,  since  16  divided  by  8  equals  2,  and  24  divided  by  8 
equals  3.  Cross  off  the  16  and  write  the  2  over  it;  also,  cross 
off  the  24  and  write  the  3  under  it.  Thus, 

2 


7x50xx1 
3 

The  16  and  24  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2  and  3  placed  in  their 
stead,  and  treated  as  if  the  16  and  24  never  existed.  Thus, 

4X60X5X2X14 
7X50X3X1 

Again,  60  in  the  dividend  and  50  in  the  divisor  are  divis- 
ible by  10,  since  60  divided  by  10  equals  6,  and  50  divided 
by  10  equals  5.  Cross  off  the  60  and  write  the  6  over  it; 
also,  cross  off  the  50  and  write  the  5  under  it.  Thus, 

6 
4x00x5x2x14  _ 

7x00x3x1 

5 

The  60  and  50  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  6  and  5  placed  in  their 
stead,  and  treated  as  if  the  60  and  50  never  existed.  Thus, 

4X6X5X2X14  _ 
7X5X3X1 

The  14  in  the  div^lend  and  7  in  the  divisor  are  divisible  by 
7,  since  14  divided  by  7  equals  2,  and  7  divided  by  7  equals  1, 
8-2 
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Cross  off  the  14  and  write  the  2  over  it  ;  also,  cross  off  the  7 
and  write  the  1  under  it.     Thus, 

2 


/TX5X3X1 
1 

The  14  and  7  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2  and  1  placed  in  their 
stead,  and  treated  as  if  the  14  and  7  never  existed.  Thus, 

4X6X5X2X2  _ 
1X5X3X1 

The  5  in  the  dividend  and  the  5  in  the  divisor  are  divisible 
by  5,  since  5  divided  by  5  equals  1.  Cross  off  the  5  of  the 
dividend  and  write  the  1  over  it  ;  also,  cross  off  the  5  of  the 
divisor  and  write  the  1  under  it.  Thus, 

1 

4x6X^x2x2  _ 

1x0x3x1 

1 

The  5  in  the  dividend  and  5  in  the  divisor  are  not  to  be 
considered  any  longer,  and,  in  fact,  may  be  erased  entirely 
and  1  and  1  placed  in  their  stead,  and  treated  as  if  the  5  and 
5  never  existed.  Thus, 

4X6X1X2X2  _ 
1X1X3X1 

The  6  in  the  dividend  and  3  in  the  divisor  are  divisible  by 
3,  since  6  divided  by  3  equals  2,  and  3  divided  by  3  equals  1. 
Cross  off  the  6  and  place  the  2  over  it;  also,  cross  off  the  3 
and  place  the  1  under  it.  Thus, 

2 
4x0x1x2x2 

Ixlx^xl 
1 

The  6  and  3  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  2  and  1  placed  in 
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their  stead,    and  treated  as  if  the   6  and  3  never  existed. 
Thus, 

4X2X1X2X2    32 

ixixixi   T'--32-  Ans" 

Hence, 

2   1 
4         2   2 

4x2x1x2x2  __  32  _ 

ixixixi         l 


(19)  28  acres  of  land  at  $133  an  acre  would  cost 

28 X$  1  3  3  =  $3,724 

2  8 

1064 
266 
$3724 

If  a  mechanic  earns  $1,500  a  year  and  his  expenses  are  $968 
per  year,  then  he  would  save  $  1  5  0  0  —  $968,  or  $532  per  year. 

968 

$532 

If  he  saves  $532  in  1  year,  to  save  $3,724  it  would  take  as 
many  years  as  $532  is  contained  times  in  $3,724,  or  7  years. 

532)3724(7  years.     Ans. 
3724 

(20)  If  the  freight  train  ran  365  miles  in  one  week,  and 
3  times  as  far  lacking  246  miles  the  next  week,  then  it  ran 
(3X365  miles)  — 246  miles,  or  849  miles  the  second  week. 
Thus, 

365 

3 

1095 

246 

difference     849  -miles.     Ans. 
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(21)  The  distance  from  Philadelphia  to  Pittsburg  is  354 
miles.  Since  there  are  5,280  feet  in  1  mile,  in  354  miles 
there  are  354x5,280  feet,  or  1,869,120  feet.  If  the  driving 
wheel  of  the  locomotive  is  16  feet  in  circumference,  then  in 
going  from  Philadelphia  to  Pittsburg,  a  distance  of  1,869,120 
feet,  it  will  make  1, 869, 120 -J- 16,  or  116,820  revolutions. 

16)1869120(116820  rev.  Ans. 
1 


(22)  (a)      576)589824(1024  Ans. 
576 

1382 
1152 


2304 
2304 

(b)  43911)369730620(8420  Ans. 
351288 
184426 
175644 


87822 
87822 

(c)    505)2527525(5005  Ans. 
2525 

2525 
2525 
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(d)    1234)4961794302(4020903  Ans. 
4936 

2579 
2468 


11143 
11106 


3702 
3702 

(23)  The  harness  evidently  cost  the  difference  between 
1444  and  the  amount  which  he  paid  for  the  horse  and  wagon. 
Since  $264  +  $153  —  $417,  the  amount  paid  for  the  horse  and 
wagon,  $444  —  $417  =  $27,  the  cost  of  the  harness. 

$264  $444 

153  417 

$  4  1  7  $  2  7  Ans. 

(24)  (a)  (b)  (c) 
1024        5005            43911 

576         505  8420 


6144  25025          878220 

7168  250250         175644 

5120  2527525  Ans.  351288 

589824  Ans.              369730620  Ans. 

(25)  Since  there  are  12  months  in  a  year,  the  number  of 
days  the  man  works  is  25  X  12  —  300  days.   As  he  works  10 
hours  each  day,  the  number  of  hours  that  he  works  in  one 
year  is  300x10  =  3,000  hours.      Hence,  he  receives  for  his 
work  3, 000X30  =  9 0, 000  cents,  or  90, 000 -r- 100  =  $900.   Ans. 

(26)  See  Art.  71. 

(27)  See  Art.  77. 

(28)  See  Art.  73. 

(29)  See  Art.  73. 

(30)  See  Art.  75. 

(31)  -1/  is  an  improper  fraction,  since  its  numerator,  13,  is 
greater  than  its  denominator,  8. 

(32)  4J 
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(33)  To  reduce  a  fraction  to  its  lowest  terms  means  to 
change  its  form  without  changing  its  value.  In  order  to  do 
this,  we  must  divide  both  numerator  and  denominator  by  the 
same  number  until  we  can  no  longer  find  any  number  (except  1) 
which  will  divide  both  of  these  terms  without  a  remainder. 

To  reduce  the  fraction  |  to  its  lowest  terms,  we  divide 
both  numerator  and  denominator  by  4,  and  obtain  as  a  result 

4  —  4  4-^-4 

the   fraction   i.       Thus,     -  '       =  -J-;  similarly,  T77_!_4  =  i; 

*-j-4        2^-2  32-^-8        4^ 


(34)  When    the    denominator    of    any    number    is    not 
expressed,  it  is  understood  to  be  1,  so  that  f  is  the  same  as 
6  -T-  1,    or  6.      To  reduce  -f-  to  an  improper  fraction  whose 
denominator  is  4,  we  must  multiply   both   numerator  and 
denominator  by  some  number  which  will  make  the  denomi- 
nator of  6  equal  to  4.    Since  this  denominator  is  1,  by  multi- 

6x4 
plying  both  terms  of  -f-  by  4  we  shall  have  -         =  -2^,  which 

1  X  4: 

has  the  same  value  as  6,  but  has  a  different  form.     Ans. 

(35)  In  order  to  reduce  a  mixed  number  to  an  improper 
fraction,    we    must    multiply    the    whole    number   by   the 
denominator   of    the   fraction    and    add    the    numerator    of 
the  fraction  to  that  product.     This  result  is  the  numerator 
of  the  improper  fraction,  of  which  the  denominator  is  the 
denominator  of  the  fractional  part  of  the  mixed  number. 

7-J  means  the  same  as  7  +  \.  In  1  there  are  |,  hence  in  7 
there  are  7  X  f  =  ¥  5  -V"  P^118  ^e  i  °^  ^e  mixed  number 
=  ^i  _|_  7.  _  e^  which  is  the  required  improper  fraction. 

=  w;  lot  = 


(36)  The  value  of  a  fraction  is  obtained  by  dividing  the 
numerator  by  the  denominator. 

To  obtain  the  value  of  the  fraction  -^  we  divide  the 
numerator,  13,  by  the  denominator,  2.  2  is  contained  in  13, 
6  times,  with  1  remaining.  This  1  remaining  is  written 
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over  the  denominator,  2,  thereby  making-  the  fraction  -|-, 
which  is  annexed  to  the  whole  number,  G,  and  we  obtain  G^- 
as  the  mixed  number.  The  reason  for  performing-  this 
operation  is  the  following:  In  1  there  are  f  (two  halves),  and 
in  -^  (thirteen  halves)  there  are  as  many  ones  (1)  as  2  is 
contained  times  in  13,  which  is  G,  and  -J  (one-half)  remain- 
ing. Hence,  ^  =  G  +  1-  =  G  J,  the  required  mixed  number. 

=  *  A; 


=  8;  tt  = 


(37)  In  division  of  fractions,  invert  the  divisor  (or,  in 
other  words,  turn  it  upside  down)  and  then  proceed  as  in 
multiplication. 

(a)     35-5-A  =  ¥XV.=  ^  =  H4  =  >12.     Ans. 


(c)     V-9  =  V-H  =  ¥xl  =  =  if.     Ans. 


"28")  113  (4^.     Ans. 
1  12 
1 

(^)     15f-f-4f  —  ?     Before  proceeding  with  the  division, 
reduce  both  of  the  mixed  numbers  to  improper  fractions. 


Thus,  15|  =          4  =          -  =  V,  and  4|  = 

32  i  3 

=  -        -  =  -M.      The    problem    is  now   ^r--±-^f  =  ?      As 

o 

before,  invert  the  divisor  and  multiply;   ^f-^^f  =  ^-X-fg 
_  63X8  __  504  ._  252  __  126  __  18      18 
"  4X35  "  TT*  '    ~^~       ~°~       "5  '      5  )  1  8  (  3f.     Ans. 

L5 

3 

(38)     i  +  |  +  4  =  1  +  g  +  5  =|  =  1.     Ans. 
When  the  denominators  of  the  fractions  to  be  added  are 
alike,  we  know  that  the  units  are   divided  into  the  same 
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number  of  parts  (in  this  case  eighths)  ;  we,  therefore,  add  the 
numerators  of  the  fractions  to  find  the  number  of  parts 
(eighths)  taken  or  considered,  thereby  obtaining  f  or  1  as 
the  sum. 

(39)  When  the  denominators  are  not  alike  we  know  that 
the  units  are  divided  into  unequal  parts,  so  before  adding 
them  we  must  find  a  common  denominator  for  the  denomi- 
nators of  all  the  fractions.  Reduce  the  fractions  to  fractions 
having  this  common  denominator,  add  the  numerators,  and 
write  the  sum  over  the  common  denominator. 

In  this  case,  the  least  common  denominator,  or  the  least 
number  that  will  contain  all  the  denominators,  is  16;  hence, 
we  must  reduce  all  these  fractions  to  IGths  and  then  add 
their  numerators. 

i  +  i  +  A  —  ?  To  reduce  the  fraction  \  to  a  fraction 
having  16  for  a  denominator,  we  must  multiply  both  terms 
of  the  fraction  by  some  number  which  will  make  the 

1x4 

denominator  16.     This  number  evidently  is  4;  hence,  — 

4  X  41 

=  A> 

Similarly,  both  terms  of  the  fraction  •§-  must  be  multiplied 

3x2 

by  2  to  make  the  denominator  16,  and  we  have  -'       =  •£%. 

o  X  A 

The  fractions  now  have  a  common  denominator,  16  ;  hence, 
we  find  their  sum  by  adding  the  numerators  and  placing 
their  sum  over  the  common  denominator,  thus  :  T\  +  TG  +  TQ 


(40)  When  mixed  numbers  and  whole  numbers  are  to  be 
added,  add  the  fractional  parts  of  the  mixed  numbers  sep- 
arately, and  if  the  resulting  fraction  is  an  improper  fraction, 
reduce  it  to  a  whole  or  mixed  number.  Next,  add  all  the  whole 
numbers,  including  the  one  obtained  from  the  addition  of  the 
fractional  parts,  and  annex  to  their  sum  the  fraction  of  the 
mixed  number  obtained  from  reducing  the  improper  fraction. 
=  ?  Reducing  f  to  a  fraction  having  a 


denominator  of  16,  we  have  -         =  ||.      Adding  the  two 
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fractional   parts   of  the   mixed   numbers,  we   have 


The  problem  now  becomes  42  -f-  31  -f-  9  +  IjV  =  ? 
4  2  Adding  all  the  whole  numbers  and  the  number 

3  1  obtained  from  adding  the  fractional  parts  of  the 

9  mixed  numbers,  we  obtain  83T^g-  as  their  sum. 


Ans. 
(41) 


=  !x!  =  *    H+«+A-  ^±^  =  H  =  1 

The  problem  now  becomes  29  +  50  +  41  +  69  -f  1-&  =  ? 
2  9       square  inches. 


square  inches. 

5  0       square  inches. 
4  1       square  inches. 

6  9       square  inches. 
1T9¥  square  inches. 

1  9  0^-  square  inches.     Ans. 


(42)     (a)   £  =  7*A=  7X¥=  =  H1  =  37J.  Ans. 

T6 

The  line  between  7  and  -^  means  that  the  7  is  to  be  divided 

T 

-    -     Ans. 


4 

4  +  3 


A-     (See  Art-  131.)     Ans. 

(43)  J  =  value  of  the  fraction,  and  28  =  the  numerator. 
We  find  that  4  multiplied  by  7  =  28,  so  multiplying  8,  the 
denominator  of  the  fraction,  by  4,  we  have  32  for  the  required 
denominator,  and  ff  =  -J.  Hence,  32  is  the  required  denomi- 
nator. Ans, 
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(44)  (<?)  J  —  T7g-  =  ?  When  the  denominators  of  frac- 
tions are  not  alike,  it  is  evident  thai  the  units  are  divided  into 
unequal  parts;  therefore,  before  subtracting,  reduce  the  frac- 
tions to  fractions  having-  a  common  denominator.  Then, 
subtract  the  numerators  and  place  the  remainder  over  the 
common  denominator. 

7X2  14-7 


(b)    13  —  7yV  =  ?     This  problem   may  be   solved  in  two 
ways' 

First:  13  =  12|£,  since  if  =  1,  and  12j£  =  12+|£  =  12 
+  1  =  13. 
1  2|f         We  can  now  subtract  the  whole  numbers  separately, 

7TV     and  the  fractions  separately,  and  obtain  12  —  7  —  5, 

5         Ans. 


Second:  By  reducing  both  numbers  to  improper  fractions 
having  a  denominator  of  16. 


OAQ  _  110 

Subtracting,  we  have  \V-  —  W  =         16         =  ft  andff» 


=  1  6  )  8  9  (  5T\       the  same  result  that  was  obtained  by  the 
8  0  first  method.     Ans. 


(c)     312^  —  229-^-  =  ?     We  first  reduce  the  fractions  of 
the   two   mixed    numbers   to   fractions   having   a   common 

9X2 
denominator.     Doing  this,  we  have  T9F  =  —         =  -if.     We 

16  X  /y 

can  now  subtract  the  whole  numbers  and  fractions  separately, 
and  have  312-229  =  83,  and  if-  A  =        r^  =  H- 


83  +  if  =  83tf.     Ans. 
3H 
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(45)     The    man    evidently   traveled    8 
miles.     Adding"  the  fractions  separately  in  this  case, 


Adding-  the  whole  numbers  and  the  mixed  num-  8  5 

ber  representing  the  sum  of  the  fractions,  the  sum  7  8 

is  289ffi-  miles.  Ans.  125 

To  find  the  least  common  denominator,  we  have 


5  )  12,     5,     35  2  8 

7)12,     1,       7 


12,     1,       1,  or  5X7X12  =  420. 


(46)  5  7  3£    tons.  f  = 


2  1  6f    tons. 


difference   3  5  717¥  tons.     Ans.  T7¥  =  difference. 

(47)     Reducing  9  \  to  an  improper  fraction,  it  becomes  \7-. 
Multiplying-  ^  by  f,  \7-Xf  =  -Vf  =  3Jf  dollars.     Ans. 


(48)  Referring  to  Arts.  114  and  116, 

f   of   f   of  T7T   of   ff    of    11   multiplied    by  £   of   |   of  45 

3 

M 

?X?x7xl9x;;[x7x5xjtft       7x19x7x5x3  _    13,965 

£X4X#X£PX1X8X0X1    :  4X4X8  ~128^ 

4  ^ 

=  109^-     Ans. 

4  6 

(49)  f  of  16  =  |x^  =  12.    12-|  =  ^X?  -  18.   Ans. 

^i  i      / 

(50)  211iXl|-  =  -^-X-VS  Deducing  the  mixed  mimbers 

to  improper  fractions.     &£$•  X  -1/  =  •  —  Jr-r-  -  cents  =  amount 

o£ 

paid  for  the  lead.     The  number  of  pounds  sold  is  evidently 
2,535 


12,675     01        n$W^       2,535       _Q7 
"~82^     ^  ~~       $nxf  =    ~T6~     :       TF    P°unds-      ThQ 
16 
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amount    remaining    is   211i-158TV  =  —  _2'535  =  3'380 

2,535        845 

777-  =  -777-  =  52|f  pounds.     Aiis. 

10  lo 


(51)      .08  =  Eight  huntlredths. 


131  =  One  hundred  thirty -one  thousandths. 

I 


0001  =  O«^  ten-tliousantlth. 


l 


iii 


000027=  Twenty-seven  million ths. 

£  "2  3 

|I1| 

§S  o  rt 
P  4J  53 

.0108  =  (9^<?  hundred  eight  ten-thousandths. 


0101  =  Ninety-three,  and  one  hundred  one  ten-thousandths. 
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In  reading-  decimals,  read  the  number  just  as  you  would  if 
there  were  no  ciphers  before  it.  Then  count  from  the  deci- 
mal point  towards  the  right,  beginning  with  tenths,  to  as 
many  places  as  there  are  figures,  and  the  name  of  the  last 
figure  must  be  annexed  to  the  previous  reading  of  the  figures 
to  give  the  decimal  reading.  Thus,  in  the  first  example 
above,  the  simple  reading  of  the  figure  is  eight,  and  the  name 
of  its  position  in  the  decimal  scale  is  hundredths,  so  that 
the  decimal  reading  is  eight  hundredths.  Similarly,  the 
figures  in  the  fourth  example  are  ordinarily  read  twenty- 
seven  ;  the  name  of  the  position  of  the  figure  7  in  the  decimal 
scale  is  millionths,  giving,  therefore,  the  decimal  reading 
as  t^venty-seven  millionths. 

If  there  should  be  a  v/hole  number  before  the  decimal 
point,  read  it  as  you  would  read  any  whole  number,  and  read 
the  decimal  as  you  would  if  the  whole  number  were  not 
there;  or,  read  the  whole  number  and  then  say,  "and"  so 
many  hundredths,  thousandths,  or  whatever  it  may  be,  as 
4 'ninety- three,  and  one  hundred  one  ten- thousand  ths. " 

(52)  See  Art.  139. 

(53)  See  Art.  153. 

(54)  See  Art.  16O. 

(55)  A  fraction  is  one  or  more  of  the  equal  parts  of  a  unit, 
and  is  expressed  by  a  numerator  and  a  denominator,  while  a 
decimal  fraction  is  a  number  of  tenths,  hundredths,  thou- 
sandths, etc.  of  a  unit,  and  is  expressed  by  placing  a  period 
(.),  called  a  decimal  point,  to  the  left  of  the  figures  of  the 
number,  and  omitting  the  denominator. 

(56)  See  Art.  165. 

(57)  To  reduce  the  fraction  \  to  a  decimal,  we  annex  one 
cipher  to  the  numerator,  which  makes  it  1.0.     Dividing  1.0, 
the  numerator,  by  2,  the  denominator,  gives  a  quotient  of  .5, 
the  decimal  point  being  placed  before  the  one  figure  of  the 
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quotient,  or  .5,  since  only  one  cipher  was  annexed  to   the 
numerator. 


7 

8  )  7.0  0  0 

.875 


Since     .65  = 


32  )  5.0.0  0  0  0  (  .1  5  G  2  5     Ans. 


then,  y6^-  must  equal 
.05.     Or,    when    the 

denominator    is    10,  200  12,. 

100,  1,000,  etc.,  point  1  «  '> 

off  as  many  places 
in  the  numerator  as 
there  are  ciphers  in 
the  denominator. 
Doing-  so,  T\%  =  .05. 
Ans. 

(58)  (a)  This  example,  wrritten  in  the  form  of  a  frac- 
tion, means  that  the  numerator  (32.  5-}-.  29  -f-  1.5)  is  to  be 
divided  by  the  denominator  (4.7  +  9).  The  operation  is  as 
follows  : 

32.5  +  .  29  +  1.  5 
4.7  +  9 

32.5 
+       .29 
+     1.5 


1  3.7  )  3  4.2  9  0  0  0  (  2.5  0  2  9     Ans. 

4.7  274 

+     9.0  089 

1  3.7  6  8  5 
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Since  there  are  5  decimal  places  in  the  dividend,  and  1  in 
the  divisor,  there  are  5  —  1  or  4  places  to  be  pointed  off  in 
the  quotient.  The  fifth  figure  of  the  decimal  is  evidently 
less  than  5. 

(b)  Here  again  the  problem  is  to  divide  the  numerator, 
which  is  (1.283X8  +  5),  by  the  denominator,  which  is  2.63. 
The  operation  is  as  follows: 


1.283X8  +  5 


2.6  3  )  1  6.6  7  9  0  0  0  (  6.3  4  1  8     Ans. 

1578 


589  +  27X163-8 
25  +  39 

163 
- 8 

589  155 

+  27         X6 16 

616  930 

155 
930 
95480 
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C  4)9  5  4  8  0.0  0  0(1  491.8  7  5 
0  4 

25 
9 
64 


There  are  three  decimal 
places  in  the  quotient,  since 
three  ciphers  were  annexed 
to  the  dividend. 


6.27  +  8.53-8.01 

40.6 
+    7.1 

47.7 


_ 


8085 

6.^7  8085 

+    8.53  4620 


6.79)55.093500(8.1139    Ans. 
-    8.01  5432 

6.7  9 

6  decimal  places  in  the 
dividend  —  2  decimal  places 
in  the  divisor  =  4  decimal 
places  to  be  pointed  off  in 
the  quotient 
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(59)     .875  =  JftV  =  ffl  =  |  of  a  foot. 
1  foot  =  12  inches. 

3 

7     12 
of  1  foot  =  ix4     =         =  10    inches.     Ans. 


2 
(GO)     12  inches  =  1  foot. 

g          -i 

^  of  an  inch  =  A-f-12  =  ^X^  =  <rV  of  a  foot- 

Ib     // 

4 
j^ 

64  )  1.0  0  0  00  0  (  .0  1  5  6  3  5     Ans. 
G  4_ 

Point  off  6  decimal  places  in 
the  quotient,  since  we  annexed 
six  ciphers  to  the  dividend,  the 
divisor  containing1  no  decimal 
places  ;  hence,  6  —  0  =  6  places 
to  be  pointed  off. 


(61)  If    1    cubic    inch    of   water    weighs    .03617    of    a 
pound,   the  weight   of   1,500   cubic   inches   will   be   .03617 
X  1,500  =  54.255  Ib. 

.0  3  6  1  7  Ib. 

1500 
1808500 
3617 
54.255001b.     Ans. 

(62)  72.6  feet  of  fencing  at  $.50  a  foot  would  cost 

7  2.6 X. 50,  or  $36.30. 

.5  0 
$  3  6.3  0  0 

If,   by  selling  a  carload  of  coal   at  a  profit  of  $1.65  per 
ton,   I   make   $36.30,    then   there   must    be   as   many   tons 
8-3 
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of  coal  in  the  car  as  1.65  is  contained  times  in  36.30,  or  22 
tons. 

1.6  5  )  3  6.3  0  (  2  2  tons.     Ans. 
330 
330 
330 

(63)      2  3  1  )  1  7  8  9  2.0  0  0  0  0  (  7  7.4  5  4  5  4,   or  77.4545 
1617  to  four  decimal 

1722  places.     Ans. 

1617 


924 


1260 
1155 


1050 
924 
1260 
1155 


1050 
(64)  37.13     $      .0952 

y^.  20  x  ffi  x  ft.  ?#ffx  19x19x350 


1,000 
37.  13  X.  0952x19x19x350        446,618.947600 

1,000  1,000 

=  446.619  to  three  decimal  places.     Ans. 

37.13  19  361  3.534776 

.0952  1  0  350  126350 

7426  171  18050  176738800 

18565  1  9  1083  10604328 

33417  361  126350  21208656 

3.5  34776  7069552 

3534776 


44661  8.9  47600 


1  ARITHMETIC. 

(65)  See  Art.  174.     Applying  rule  in  Art.  175, 

(«)  .7988XH  =  !?8  =  ft.     Ans. 

/;  .UlGX       = 


.47915  X       =  =        =     .     Ans. 


(GG)     In  subtraction  of  decimals,  place  the  decimal  points 
directly  under  each  other,  and  proceed  as  in  the  subtraction 


(a)     7  0  9.  6  3  0  0 

decimal  point  in  the  remainder 

-  •  —  -  -  directly  under  the  decimal  points 

708.7780     Ans.     above_ 

In  the  above  example  we  proceed  as  follows:  We  cannot 
subtract  4  ten-  thousandths  from  0  ten-  thousandths,  and  as 
there  are  no  .thousandths,  we  take  1  hundredth  from  the  3 
hundredths.  1  hundredth  =  10  thousandths  =  100  ten-thou- 
sandths. 4  ten-  thousandths  from  100  ten-  thousandths  leaves 
9  G  ten-  thousandths.  96  ten-  thousandths  =  9  thousandths  +  6 
ten-thousandths.  Write  the  6  ten-thousandths  in  the  ten- 
thousandths  place  in  the  remainder.  The  next  figure  in  the 
subtrahend  is  1  thousandth.  This  must  be  subtracted  from 
the  9  thousandths,  which  is  a  part  of  the  1  hundredth  taken 
previously  from  the  3  hundredths.  Subtracting,  we  have 
1  thousandth  from  9  thousandths  leaves  8  thousandths,  the  8 
being  written  in  its  place  in  the  remainder.  Next  we  have 
to  subtract  5  hundredths  from  2  hundredths  (1  hundredth 
having  been  taken  from  the  3  hundredths  makes  it  but  2  hun- 
dredths now).  Since  we  cannot  do  this,  we  take  1  tenth 
from  6  tenths.  1  tenth  (=10  hundredths)  +  2  hundredths 
=  12  hundredths.  5  hundredths  from  12  hundredths  leaves 
7  hundredths.  Write  the  7  in  the  hundredths  place  in  the 
remainder.  Next  we  have  to  subtract  8  tenths  from  5  tenths 
(5  tenths  now,  because  1  tenth  was  taken  from  the  6  tenths). 
Since  this  cannot  be  done,  we  take  1  unit  from  the  9  units. 
1  unit  =  10  tenths;  10  tenths  +  5  tenths  =  15  tenths,  and  8 
tenths  from  15  tenths  leaves  7  tenths.  Write  the  7  in  the 
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tenths  place  in  the  remainder.  In  the  minuend  we  now 
have  708  units  (1  unit  having"  been  taken  away)'  and  0  units 
in  the  subtrahend.  0  units  from  708  units  leaves  708  units; 
hence,  we  write  708  in  the  remainder. 

(b)  81.963       (c)  18.00     (d)  1.000 
1.700  .18          .001 


80.263  Ans.      17.82  Ans.     .999  Ans. 


(e)     872. 1  —  (.  8721  + .  008)  =  ?     In  this  problem  we  are  to 
subtract  (.8721 +  .008)  from  872.1.      First          3701 
perform  the  operation  as  indicated  by  the         *n  0  8  0 
sign  between  the  decimals  enclosed  by  the 
parenthesis. 

Subtracting   the   sum  (obtained  by  adding  the  decimals 
enclosed  within  the  parenthesis)  from 

8  7  2.1  00  0  the  number  872.1  (as  lequired  by  the 

.8801  minus  sign  before  the  parenthesis),  we 

8  7  1.2  1  9  9   Ans.   obtain  the  required  remainder. 

(/)     (5. 028 +  .0073) -(6. 704 -2. 38)  =?      First     perform 
the  operations  as  indicated  by  the  signs 
between   the   numbers    enclosed    by    the         5.0  2  8  0 
parentheses.     The  first  parenthesis  shows  .0073 

that  5.028  and  .0073  are  to  be  added.  This         5.0  3  5  3  sum. 
gives  5.0353  as  their  sum. 

c  iv  Q  4  The   second  parenthesis   shows   that 

2*o  o  Q  2.38   is  to  be   subtracted   from  6.704. 

The  difference  is  found  to  be  4.324. 
4.3  2  4  difference.        The   gign   ^^^   the   parentheses 

indicates  that  the  quantities  obtained 

*..,.?  ..  5.0  3  5  3 

by  performing  the  above  operations  are  0 

to  be  subtracted,  namely,  that  4.324  is 

to  be  subtracted  from  5. 0353.    Perform-  .7113    Ans. 

ing  this  operation,  we  obtain  .7113  as  the  final  result. 

(67)     In   subtracting   a   decimal   from   a   fraction,   or   in 
subtracting  a  fraction  from   a  decimal,  either  reduce   the 
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fraction    to    a   decimal    before    subtracting  or  reduce   the 
decimal  to  a  fraction  and  then  subtract. 

7 

(a)  J-  —  .  807  =  ?   j-  reduced  to  a  decimal  becomes  -  . 

.875 

.875  Subtracting.  807  from  .875,  the  remain- 

.807  der  is  .068,  as  shown. 

.068     Ans. 

(b)  .875  —  |  =?     Reducing  .875  to  a  fraction,  we  have 
•876  =  flft  =  «f  =  ft  =  f  ;     hence,    f-f  =  l=$  =  £ 
=  -J,  or,  .5.     Ans. 


Or,  by  reducing  f  to  a  decimal,  -  .   o  A  n  n  an(^ 

.375 

.877  tracting,  we  obtain  .875  -.375  =  .5  = 

.375  =  %,  the  same  answer  as  above. 

.500     Ans. 


(c)  (^-  +  .435)-^  -.07)  =?      We   first   perform   the 
operations  as  indicated  by  the  signs  between  the  numbers 
enclosed  by  the  parentheses.     Reduce  -fj  to  a  decimal  and 
we  obtain  -£%  =  .15625  (see  example  60). 

Adding.  15625  and  .435, 

.15625     T%V  =  .21;  subtracting,     .2  1 

.435  .0_7 

sum   .59125  difference  .  1  4 

We  are  now  prepared  to  perform  the         .59125 
operation  indicated  by  the  minus  sign         .1  4 
between  the  parentheses,  which  is,  .45125     Ans. 

(d)  This  problem  means  that  33  million  ths  and  17  thou- 
sandths are  to  be  added.     Also,  that  53  hundredths  and  274 
thousandths  are  to  be  added,  and  the  smaller  of  these  sums 
is  to  be  subtracted  from  the  larger  sum.     Thus  (.53-f--274) 
-(.000033  +  .017)  =? 
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ill 

£    S 

£  1  1  1  w-  j§'  I  .804 

1  1  1  i  ^  .1  *§  .017033  smaller  sum. 

||  S^l  J  III     difference  .7  8  6  (J  6  7    Ans. 


.000033  .53 

.017  .274 


.01703  3j«;//.     .8  0  4 

(68)     In  addition  of  decimals  the  .125 

decimal     points     must     be     placed  .7 

directly   under   each   other,   so   that  .089 

tenths  will  come  under  tenths,  hun-  .4005 

dredths     under    hundredths,     thou-  .9 

sandths  under  thousandths,  etc.  The  .000027 

addition    is    then    performed    as   in  2.2  1  4  5  2  7     Ans. 
whole  numbers,  the  decimal  point  of 
the  sum  being'  placed  directly  under  the  decimal  points  above 


(69)        927.41  6  (70)       «^| 

8.274 
372.6 
62.07938 


1370.36938  Ans.       .017 

.2 

.000047 
.217047  Ans. 

(71)  (a)  There  are  3  decimal  places  in  the  multiplicand 
and  3  in  the  multiplier;  hence, 
there  are  3  +  3  or  6  decimal  places 
in  the  product.  Since  the  product 
contains  but  four  figures,  we  pre- 

001391     Ans          ^x  two  cipners  *n  order  to  obtain 
the  necessary  six  decimal  places. 
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(&}         203  There  are  2  decimal  places  in  the 

2.03  rrmltiplier  and  none  in  the  multi- 

/»  0  q  plicand ;    hence,  there  are  2  -J-  0  or 

.  -  g  Q  2  decimal  places  in  the  first  prod- 

uct. 

Since  there  are  2  decimal  places 
203 

in  the  multiplicand  and  3  decimal 


123627  places  in  the  multiplier,  there  are 

824180  3_|_2  or  5  decimal  places  in  the 

8  3.  0  5  4  2  7     Ans.         second  product. 

(c)  First  perform  the  operations  indicated  by  the  signs 
between  the  numbers  enclosed  by  the  parenthesis,  and  then 
perform  whatever  may  be  required  by  the  sign  before  the 
parenthesis. 

Multiply  together  the  numbers  2.  7  3185 

and  31.  85.  '%y 

The  parenthesis  shows  that  .316  is  -  -  r  — 

to  be  taken  from  3.16.          3.1  6  0 


.316 


The  product  obtained  by  the  first  8  5.  9  9  5 

operation  is  now  multiplied  by  the  2.8  4  4 

remainder  obtained  by  performing  343980 

the  operation  indicated  by  the  signs  343980 

within  the  parenthesis.  687960 

171990 
2  44.5  6  9  7  80    Ans. 

(d)     (107.8  +  6.541-31.96)  X1.742  =? 

107.8  82.381 

+        6.541  X    1.742 

11  4.3  41  164762 

-     3  1.9  6  329524 

82.381  576667 

82381 


143.507702     Ans. 
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W  (*--13)X.625H-|  =? 

First  perform  the  operation  indicated  by  the  parenthesis. 

7 

T*  ==  16  )  7.0  0  0  0  (.4  3  7  5         We  point  off  four  decimal 

places,  since  we  annex  four 
ciphers. 


.4375 
.1  3 

Subtracting,  we  obtain    .3075 

The  vinculum  has  the  same  meaning  as  the  parenthesis; 

5  hence,   we  perform   the   operation   indi- 

=  8  )  5  0  0  0     cated  ^7  it.     We  point  off  three  decimal 

places,  since  three  ciphers  were  annexed 

to  the  5. 

Adding  the  terms  in-  .625 
eluded  by  the  vinculum,  .625 
we  obtain  1.2  5  0 

The  final  operation  is  to  perform  the  work  indicated  by 
the  sign  between  the  parenthesis  and  the  vinculum,  thus, 

.3075 
1.2  5 

15375 
6150 
3075 


.384375     Ans. 

(HX.21)-(.02XA)  =? 

-02  = 


3    X4 

==   "g"0l7-       T01T   =   300X4   ==   ^^'       "5T  if  o"~  "5T"0 

.399-13,.    887 
3,200       "  *27nr' 


1  ARITHMETIC.  35 

Reducing  -$£fo  to  a  decimal,  we  obtain 
387 

3/200  )38  7,0  000000  (.1209375     Ans. 
3200 

6700 
6400 


30000  r>  •  4    «:         j   •    i 

Point    off   seven  decimal 

A   O    O    U   0  ,.  .  .     .. 

places,   since  seven  ciphers 
12000  were   annexe(j   to   tn 

9GQQ  idend. 

24000 

22400 


16000 
16000 


13        13  Point  off  two  decimal  pla- 

4  )  1  3. 0  0       ces,    since   two  ciphers  were 

32  5       annexed  to  the  dividend. 
5^-  reduced  to  a  decimal  is  .3125,  since 

To  )  5.0  0  00  (.3  1  2  5 

48 

Point  off  four  decimal  places, 
1  6  since  four  ciphers  were  annexed 

40  to  the  dividend. 

32 

80 
8_0 

Then,  7fV  =  7.3125,  and  13 J  =  13.25,  since  1  =  Jx  j  00 

.2  5 
13.25  5.9375 

-     7.3125  X       1.093 

5.9  375  178125 

534375 
593750 
6.4  8  9  6  8  7  5    Ans. 
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(73)     (a)  .875-^  =  .875  -4-.  5  (since  \  =  .5)  =  1.75.    Ans. 
Another  way  of  solving  this  is  to  reduce  .875  to  its  equiv- 
alent common  fraction  and  then  divide. 
,875  =  |,     since     .875  =  Jflfr  -  iW  =  M  =  l'>     then, 

7     9 

7    .     1     _        V  ^    _    7     _    13 
8-—  2    "    QXJ    "   ¥    -       -"-¥• 

3  4 

1  4  )  3.0  0  (.7  5,    If  =  1.75,    the  same    answer  as 
2  8  above. 

To 

2  o 

(*)     i-.S  -  $-*-*  (since  .5  =  *)  =  ^X?  ==  f  =  If,    or 

1.75.     Ans.  4 

This  can  also  be  solved  by  reducing  -J  to  its  equivalent 

decimal    and   dividing   by  .5;    £  =  .875;    .875-T-.5  =  1.75. 

Since  there  are  3  decimal  places  in  the  dividend  and  1  in  the 

divisor,  there  are  3  —  1  or  2  decimal  places  in  the  quotient. 

375  X  l  We  shall  solve  this  problem  by  first 

v'     -5  —.105  =  reducing  the  decimals  to  their  equiv- 

alent common  fractions. 

•375  =  AW  =  <rV<r  =  U  =  %  •     £XJ  =  A,  or  the  value 
of  the  numerator  of  the  fraction. 

.125  =--  TV%V  =  AV  =  I-     Reducing  $  to  16ths,  we  have 

-I   y  O 


°£  th 

inator   of   the   fraction.     The   problem   is  now  reduced  to 

T5"    _  •*       T2"    _  ,      .3      .      3          .     r   v  Ar    _.    1    r»-r     ^          Anc 

—  —  ?     T  —  3T-^T<f  —  oox-T  •  -  ¥  or  •»•     Ans- 

T¥  T¥  94*        P 

.     .     1.25X20X3  In  this  problem  1.25X20X3 

-87  +  (11X8)  =  consti  tu  tes  the  numerator  of  the 

459  +  32  complex  fraction. 

Multiplying   the  factors  of  the  numerator 
together,  we  find  their  product  to  be  75. 
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r>  W       I        /  -i   -t     yy    O\ 

The  fraction  -—7- ..   ,  0  ^      constitutes  the  denominator  of 


the  complex  fraction.     The  value  of  the  numerator  of  this 
fraction  equals  87  +  88  =  175. 

The  numerator  is  combined  as  though  it  were  written 
87  -|-  (11 X  8),  and  its  result  is 

1  1 

X_8 

88 

+    87 
175 

The  value  of  the  denominator  of  this  fraction  is  equal  to 
450  +  32  =  491.     The  problem  then  becomes 

3 


m 

7  Ans. 

(75)     .  plus  .001  =  1.001.      .01  plus  .000001  =  .010001. 
And  1.001 -.010001  =  .990999.     Ans. 


ARITHMETIC. 

(QUESTIONS  1-92.     SEC.  2.) 


(1 )  A  certain  per  cent,  of  a  number  means  so  many  hun- 
dredths  of  that  number. 

25$  of  8,428  Ib.  means  25  hundredths  of  8,428  Ib.     Hence, 
25$  of  8,428  Ib.  =  .25  X  8,428  Ib.  =  2,107  Ib.     Ans. 

(2)  Here  $100  is  the  base  and  \%  =  .01  is  the  rate.  Then, 
.01X1100  =  $1.     Ans. 

(3)  \<f>  means  one-half  of  1  per  cent.      Since  \%  is  .01, 
\%  is  .005,  for  2  ).Q  1  0.     And  .005x135,000  =  $175.    Ans. 

.005 

(4)  Here  50  is  the  base,  2  is  the  percentage,  and  it  is 
required  to  find  the  rate.     Applying  rule,  Art.  12, 

rate  =  percentage  -5-  base ; 

rate  =  2-7-50  =  .04,  or  4$.     Ans. 

(5)  By  Art.  12,  rate  =  percentage  -^  base.  * 
As  percentage  =  10  and  base  =  10,  we  have 

rate  =  10-MO  =  1  =  1000. 
Hence,  10  is  100$  of  10.     Ans. 


*  Remember  that  an  expression  of  this  form  means  that  the  first 
term  is  to  be  divided  by  the  second  term.  Thus,  as  above,  it  means 
percentage  divided  by  base. 
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(6)  (a)  Rate  =  percentage -f- base.     Art  12. 

As  percentage  =  $176.54  and  base  =  $2,522,  we  have 
rate  =  170.544-2,522  =  .07  =  7£     Ans. 
2522  )  1  7  6.5  4 
.0  7 

(/;)     Base  =  percentage  -r-  rate.     Art.  11. 
As  percentage  =  16. 9G  and  rate  =  S$  =  .08,  we  have 
base  =  1C.  96  -T-.  08  =  212.     Ans. 
.08)  1  6.96 
212 

(c)  Amount  is  the  sum  of  the  base  and  percentage ;  hence, 
the  percentage  =  amount  minus  the  base. 

Amount  =  216.7025  and  base  =  213.5;  hence,  percentage 
=  216.7025-213.5  =  3.2025. 

Rate  =  percentage  4- base.     Art.  12. 
Therefore,  rate  =  3. 2025  ~  213. 5  =  .015  =  1|#.     Ans. 
2  1  3.5  )  3.2  0  2  5  (.0  1  5  =  \\%. 
2135 
10675 
10675 

(d)  The  difference  is  the  remainder  found  by  subtracting 
the   percentage    from    the    base;    hence,    base    minus  the 
difference  =  the   percentage.      Base  =  207   and   difference 
=  201.825;  hence,  percentage  =  207-201.825  =  5.175. 

Rate  =  percentage -f- base.     Art.  12. 
Therefore,  rate  =  5.175-4-207  =  .025  =  .02£  =  2^.  Ans. 
207)5.1  75  (.025  =  2ty. 
414 

1035 

1035 

(7)  In  this  problem  $5,500  is  the  amount,  since  it  equals 
what  he  paid  for  the  farm  plus  what  he  gained;  15$  is  the 
rate,  and  the  cost  (to  be  found)  is  the  base.     Applying  rule, 
Art  16, 


§  2  ARITHMETIC. 

base  =  amount -=- (1  +  rate);  hence, 

base  =  $5,500 -T- (1+.  15)  =  $4,782.61.     Ans. 


1.1  5  )  5  5  0  0.0  0  0  0  (  4  7  8  2.6  1- 


The  example  can  also  be  solved  as  follows:  100$  =  cost; 
if  he  gained  15$,  then  100  +  15  =  115$  =  $5,500,  the  selling 
price. 

If  115$  =  $5,500,  1$  =  yl^  of  $5,500  =  $47.8261,  and 
100$,  or  the  cost  =  100X$47.8261  =  $4,782.61.  Ans. 

(8)  24  %  of  $950  =  950X.24    =$228.00 

1  2J$  of  $950  =  950X.125  =     1  1  8.7  5 

1  7  $  of  $950  =  950 X. 17     =     1  6  1.5  0 

5  3J$  of  $950  =  $5  08.2  5 

The  total  amount  of  his  yearly  expenses,  then,  is  $508.25; 
hence,  his  savings  are  $950  — $508.25  =  $441.75.  Ans. 

Or,  as  above,  24$ -f  12|-$-f-17$  =  53^$,  the  total  percent- 
age of  expenditures ;  hence,  100$  — 53^$  =  46^$  =  percent, 
saved.  And  $950 X. 465  =  $441.75  =  his  yearly  savings. 

Ans. 

(9)  The  percentage  is  961.38,  and  the  rate  is.37£.     By 
Art.  11, 

base  =  percentage -f- rate 

=  961. 38 4-. 375  =  2,563.68,  the  number.    Ans. 
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.3  7  5  )  9  G  1.3  8  0  0  0  (  2  5  6  3.6  8          Another    method    of 
750  solving    is    the   follow- 


1875  If    37-|$    of    a    num- 

^  3  g  8  ber     is    961.38,     then 

2250  -37i  times  the  number 

=  901.38,  and  the  num- 

:?«?  ber  =  96  1.3  8-7-.  3  7£, 

-  which,      as     above 

3550  =2,563.68.     Ans. 

2250 

3000 
3000 

(10)  Here  $1,125  is  30$  of  some  number;  hence,  $1,125 
=  the  percentage,  30$  =  the  rate,  and  the  required  number 
is  the  base.     Applying  rule,  Art  11, 

base  =  percentage  -T-  rate  =  $1,125  4-.  30  =  $3,750. 
Since  $3,750  is  f  of  the  property,  one  of  the  fourths  is 
£  of  $3,750  =  $1,250,  and  4  fourths,  or  the  entire  property, 
is  4x  $1,250  =  $5,000.     Ans. 

(11)  Here  $4,810  is  the  difference  and  35$  the  rate.     By 
Art.  17, 

base  =  difference  -T-  (1  —  rate) 

=  $4,  810  -T-  (1-.  35)  =  $4,810-7-.  65  =  $7,400.  Ans. 
.6  5)  48  1  0.00  (  7  400     1.00 
455  .3  5 

260  .65 

260 

Solution  can  also  be  effected  as  follows:  100$  =  the  sum 
diminished  by  35$,  then  (1-.35)  =  .65,  which  is  $4,810. 

If  65$  =  $4,810,1$  =  ^  of  $4,810  =  $74,andlOO$  =  100 
X$74  =  $7,400.  Ans. 

(12)  In  this  example  the  sales  on  Monday  amounted  to 
$197.55,  which  was  12|$  of  the  sales  for  the  entire  week  ;  i.e.  , 
we  have  given  the  percentage,  $197.55,  and  the  rate,  12  £$, 
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and  the  required  number  (or  the  amount  of  sales  for  the  week) 
equals  the  base.     By  Art.  11, 

base  =  percentage -v- rate  =  $197.55 -T-.  125; 
or,  .1  2  5  )  1  9  7.5  5  00  (  1  5  80.4 

125 
725 
625 


1005 

1000 

500 
500 


Therefore,  base  =  $1,580.40,  which  also  equals  the  sales 
for  the  week.     Ans. 

(13)  16.5  miles  =  12^  of  the  entire  length  of  the  road. 
We  wish  to  find  the  entire  length. 

16.5  miles  is  the  percentage,    12£#  is  the  rate,   and  the 
entire  length  will  be  the  base.     By  Art.  1 1 , 

base  ==  percentage  -=-  rate  =  16.5-7-.12J. 
.1  2  5  )  1  6.5  0  0  (  1  3  2  miles.     Ana 
125 
400 
375 
250 
250 

(14)  Here  we  have  given  the  difference,  or  $35,  and  the 
rate,  or  60^,  to  find  the  base.     We  use  the  rule  in  Art  17, 

base  =  difference  -4-  (1  —  rate) 

=  $35-5-(l-.GO)  =  $35-h.40  =  $87.50.     Ans. 
.4  0  )  3  5.000  (8  7.5 
320 
'300 
280 
200 
200 

8  4 
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Or,  100$  =  whole  debt;  100$  —  60$  =  40$  =  $35. 

If  .40$  =  $35,    then   1$  =  ^    of    $35  =  ~,    and   100$ 


XlOO  =  $87.50.     Ans. 
40 

(15)  28  rd.  4  yd.  2  ft.  10  in.  to  inches. 

X  _  5  j-  Since  there  are  5  J  yards  in 

154  1  rod,  in  28  rods  there  are  28 

+       4  X5J,  or  154  yards;  154  yards 

158  yards.  +4   yard*  =  158    yards. 

3  There  are  3  feet  in  1  yard; 

therefore,  in  158  yards  there 
are  3X158,  or  474  feet; 
474  feet  +  2  feet  =  476  feet. 
There  are  12  inches  in  1  foot, 
and  in  47G  feet  there  are  12 
5  7  1  2  X470,  or  5,712  inches;  5,712 

+       10  inches  +  10    inches  =  5,722 

5722  inches.  inches.     Ans. 

(16)  1  2  )  5  7  2  2  inches. 

3)476  +  10  inches. 
5J-)  1  5  8  +  2  feet. 

2  8  +  4  yards. 

28  rd.  4  yd.  2  ft.  10  in.     Ans. 

EXPLANATION.  —  There  are  12  inches  in  1  foot;  hence,  in 
5,722  inches  there  are  as  many  feet  as  12  is  contained  times  in 
5,  722  inches,  or  476  feet  and  10  inches  remaining-.  Write  these 
10  inches  as  a  remainder.  There  are  3  feet  in  1  yard  ;  hence,  in 
476  feet  there  are  as  many  yards  as  3  is  contained  times  in  476 
feet,  or  158  yards  and  2  feet  remaining.  There  are  5-|  yards  in 
1  rod;  hence,  in  158  yards  there  are  28  rods  and  4  yards  re- 
maining. Then,  in  5,  722  inches,  there  are  28  rd.  4  yd.  2  ft.  10  in. 

(17)  5     weeks  3.  5  days. 
X_7 

3  5     days  in  5  weeks. 
+    3.5 

3  8.5  days. 
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Then,  we  find  how  many  seconds  there  are  in  38. 5  days. 

3  8.5  days. 

X       24  hours  in  1  day. 
1540 
770 

9  2  4. 0  hours  in  38. 5  days. 
X  60  minutes  in  1  hour. 

55440  minutes  in  38.5  days. 
X  00  seconds  in  1  minute. 

3326400  seconds  in  38. 5  days.     Ans. 

(18)  Since  there  are  24  gr.  in  1  pwt,  in  13,750  gr.  there 
are   as   many  pennyweights    as    24   is   contained   times  in 
13,750,  or  572  pwt.  and  22  gr.  remaining.     Since  there  are 
20  pwt.  in  1  oz.,  in  572  pwt.  there  are  as  many  ounces  as  20 
is  contained  times  in  572,  or  28  oz.  and  12  pwt.  remaining. 
Since  there  are  12  oz.  in  1  Ib.  (Troy),  in  28  oz.  there  are  as 
many  pounds  as  12  is  contained  times  in  28,  or  2  Ib.  and 
4  oz.   remaining.     We  now   have    the   pounds   and   ounces 
required  by  the  problem;  therefore,  in  13,750  gr.  there  are 
2  Ib.  4  oz.  12  pwt.  22  gr. 

2  4  )  1  3  7  5  0  gr. 

2  0  )  5  7  2  pwt.  +  22  gr. 
1  2  )  2  8  oz.  + 12  pwt. 

2  Ib. +4  oz. 
2  Ib.  4  oz.  12  pwt.  22  gr.     Ans. 

(19)  100  )  4  7  6  3  2  5  4  li. 

8  0  )  4  7  6  3  2  +  54  li. 

5  9  5  +  32  ch. 

595  mi.  32  ch.  54  li.     Ans. 

EXPLANATION. — There  are  100  links  in  1  chain;  hence,  in 
4,763,254  li.  there  are  as  many  chains  as  100  is  contained 
times  in  4,763,254  li.,  or  47,632  ch.  and  54  li.  remaining. 
Write  the  54  li.  as  a  remainder.  There  are  80  ch.  in  1 
mile;  hence,  in  47,632  ch.  there  are  as  many  miles  as  80 


8  ARITHMETIC.  §  2 

is   contained   times   in   47,032   ch.,   or   595   mi.   and  32  ch. 
remaining. 

Then,  in  4,763,254  li.  there  are  595  mi.  32  ch.  54  li. 

(20)  1728  )  7  0  4  3  2  5  cu.  in. 

2  7  )  44  2  +  549  cu.  in. 

1  6  cu.  yd.  + 10  cu.  ft. 

16  cu.  yd.  10  cu.  ft.  549  cu.  in.     Ans. 

EXPLANATION. — There  are  1,728  cu.  in.  in  1  cubic  foot; 
hence,  in  764,325  cu.  in.  there  are  as  many  cubic  feet  as 
1,728  is  contained  times  in  764,325,  or  442  cu.  ft.  and  549  cu. 
in.  remaining.  Write  the  549  cu.  in.  as  a  remainder.  There 
are  27  cu.  ft.  in  1  cubic  yard;  hence,  in  442  cu.  ft.  there  are 
as  many  cubic  yards  as  27  is  contained  times  in  442  cu.  ft., 
or  16  cu.  yd.  and  10  cu.  ft.  remaining.  Then,  in  764,325  cu. 
in.  there  are  16  cu.  yd.  10  cu.  ft.  549  cu.  in. 

(21)  We  must  arrange  the  different  terms  in  columns, 
taking  care  to  have  like  denominations  in  the  same  column. 

rd.      yd.      ft.       in. 
2223 
419 
2         7 

3  21       0         7 

or,     3  rd.  2  yd.  2  ft.    1  in.     Ans. 

EXPLANATION. — We  begin  to  add  at  the  right-hand  col- 
umn. 7  +  9  +  3  =  19  in. ;  as  12  in.  make  1  foot,  19  in. 
=  1  ft.  and  7  in.  Place  the  7  in.  in  the  inches  column,  and 
reserve  the  1  ft.  to  add  to  the  next  column. 

1  (reserved)  +  2  +  1  +  2  =  6  ft.      Since  3  ft.  make  1  yard, 
6  ft.  =  2  yd.  and  0  ft.  remaining.     Place  the  cipher  in  the 
column  of  feet  and  reserve  the  2  yd.  for  the  next  column. 

2  (reserved)  +  4  +  2  =  8  yd.      Since  5£  yd.  =  1  rd. ,  8  yd. 
=  1  rd.  and  2|  yd.     Place  2|  yd.  in  the  yards  column  and 
reserve  1  rd.  for  the  next  column;    1   (reserved)  +2  =  3  rd. 

Ans.  =  3  rd.  2£  yd.  0  ft.  7  in., 
or  3  rd.  2  yd.  1  ft.  13  in., 
or  3  rd.  2  yd.  2  ft.  1  in. 
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(22)  We  write  the  compound  numbers  so  that  the  units 
of  the  same  denomination  shall  stand  in  the  same  column. 

Beginning  to  add  with  the  low- 

gal.       qt.        pt.        gi.          est  denomination,  we  find  that 

331  the   sum   of   the  gills  is  1  +  2 

6          0  1  2          -J-3  =  6.     Since  there  are  4  gi. 

4  0  in  1  pint,  in  6  gi.  there  are  as 

850  many  pints  as   4  is  contained 

16  gal.   3  qt.     0  pt.     2  gi.     times  in  6>  or  1   Pt-  and  %  gi- 

We  place  2  gi.  under  the  gills 

column  and  reserve  the  1  pt.  for  the  pints  column;    the  sum 
of  the  pints  is  1  (reserved)  +  5  +  1  +  1  =  8.      Since  there  are 

2  pt.  in  1  quart,  in  8  pt.  there  are  as  many  quarts  as  2  is 
contained  times  in  8,  or  4  qt.  and  Q  pt.     We  place  the  cipher 
under  the  column  of  pints  and  reserve  the  4  for  the  quarts 
column.       The   sum    of  the   quarts  is   4  (reserved)  +  8  +  3 
=  15.     Since  there  are  4  qt.  in  1  gallon,  in  15  qt.  there  are 
as  many  gallons  as  4  is  contained  times  in  15,  or  3  gal.  and 

3  qt.  remaining.     We  now  place    the    3   under   the   quarts 
column  and  reserve  the  3  gal.  for  the  gallons  column.      The 
sum  of  the  gallons  column  is  3   (reserved)  +  4  +  6  +  3  =  16 
gal.     Since  we  cannot  reduce  16  gal.  to  any  higher  denomi- 
nation, we  have  16  gal.  3  qt.  0  pt.  and  2  gi.  for  the  answer. 

(23)  Reduce   the   grains,  pennyweights,  and   ounces   to 
higher  denominations. 

2  4  )  2  4  0  gr.         2  0  )  1  2  5  pwt.         1  2  )  5  0  oz. 

1  0  pwt.  6  oz.  5  pwt.  4  Ib.  2  oz. 

Then,  3  Ib.  +  4  Ib.  2  oz.  +  6  oz.  5  pwt.  +  10  pwt.  = 
Ib.  oz.  pwt. 

3 
4  2 

6  5 


7  Ib.          8  oz.          15  pwt.     Ans. 

(24)     Since  *  *  seconds  "  is  the  lowest  denomination  in  this 
problem,  we  find  their  sum  first,  which  is  11+29  +  25  +  30 


10  ARITHMETIC.  §  2 


2,  or  107  seconds.     Since  there 
deg\         min.        sec.       are  GO  seconds  in  1  minute,  in  107 
11  10  12       seconds  there  are  as  many  minutes 

13  19  30       as  60  is  contained  times  in  107,  or 

20  0  251  minute  and  47  seconds  remain- 

0  26  29       ing.     We  place  the  47  under'  the 

10  17  11       seconds  column  and  reserve  the  1 

55°         19'          4  1"     for  the  minutes  column.     The  sum 
of    the    minutes    is    1    (reserved) 

+  17  +  26  +  19  +  16,  or  79.  Since  there  are  60  minutes  in  1 
degree,  in  79  minutes  there  are  as  many  degrees  as  60  is 
contained  times  in  79,  or  1  degree  and  19  minutes  remain- 
ing. We  place  the  19  under  the  minutes  column  and  reserve 
the  1  degree  for  the  degrees  column.  The  sum  of  the 
degrees  is  1  (reserved)  +10  +  20  +  13  +  11,  or  55  degrees. 
Since  we  cannot  reduce  55  degrees  to  any  higher  denomina- 
tion, we  have  55°  19'  47"  for  the  answer. 

(25)     Since  "inches"  is  the  lowest  denomination  in  this 
problem,  we  find  their  sum  first,  which  is  11  +  8  +  6,  or  25 

inches.      Since    there    are 

rd.         yd.     ft.      in.  12  inches  in  1  foot,  in  25 

130        5        1        6  inches  there  are  as  many 

215        0       2       8  feet    as    12    is    contained 

304        4        Oil  times  in  25,  or  2  feet  and 

g  5  o        4-i-      2        1  1  inch   remaining.      Place 

mi.    rd.      yd.     ft.      in.  tne  1  incn  "under  the  inches 

or,  2       10         507  Ans.      column,    and    reserve 

the  2  feet   to  add  to  the 

column  of  feet.  The  sum  of  the  feet  is  2  feet  (reserved) 
+  2  +  1  =  5  feet.  Since  there  are  3  feet  in  1  yard,  in  5  feet 
there  are  as  many  yards  as  3  is  contained  times  in  5  feet,  or 
1  yard  and  2  feet  remaining.  Place  the  2  feet  under  the 
column  of  feet,  and  reserve  the  1  yard  to  add  to  the  column 
of  yards.  The  sum  of  the  yards  is  1  yard  (reserved)  +4 
+  5  =  10  yards.  Since  there  are  5i  yards  in  1  rod,  in  10 
yards  there  are  as  many  rods  as  5J  is  contained  times  in  10, 
or  1  rod  and  4£  yards  remaining.  Place  the  4£  yards  under 
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the  column  of  yards,  and  reserve  the  1  rod  for  the  column 
of  rods.  The  sum  of  the  rods  is  1  (reserved)  -j-  304  +  215 
-[-130  =  G50  rods.  Place  C50  rods  under  the  column  of 
rods.  Therefore,  the  sum  is  650  rd.  41  yd.  2  ft.  1  in.  Or, 
since  ^  a  yard  =  1  f t.  6  in. ,  and  since  there  are  320  rods  in 
1  mile,  the  sum  may  be  expressed  as  2  mi.  10  rd.  5  yd.  0  ft. 
7  in.  Ans. 

(26)  Since  "square  links"  is  the  lowest  denomination  in 
this  problem,  we  find  their  sum  first,   which  is  2 1  +  23  +  16 

+  18  +  23  +  21,  or   122   square 

A.  sq.  ch.  sq.  rd.  sq.  li.  links.  Place  122  square  links 
21  67  3  21  under  the  column  of  square 
28  78  2  23  links.  The  sum  of  the  square 
47  6  2  18  rodsis2  +  3  +  2  +  2  +  2  +  3,  or 

56        59          2         16         14  square  rods.    Place  14  square 
25        38         3         23         rods     under     the     column    of 
46        75          2         21         square  rods.     The  sum  of  the 
255  3      14      122         square   chains  is    323    square 

chains.       Since    there    are    10 

square  chains  in  1  acre,  in  323  square  chains  there  are  as 
many  acres  as  10  is  contained  times  in  323  square  chains,  or 
32  acres  and  3  square  chains  remaining.  Place  3  square 
chains  under  the  column  of  square  chains,  and  reserve  the 
32  acres  to  add  to  the  column  of  acres.  The  sum  of  the 
acres  is  32  acres  (reserved)  +  46+25  +  56  +  47  +  28  +  21,  or 
255  acres.  Place  255  acres  under  the  column  of  acres. 
Therefore,  the  sum  is  255  A.  3  sq.  ch.  14  sq.  rd.  122  sq.  li. 

Ans. 

(27)  Before  we  can  subtract  300  ft.  from  20  rd.  2  yd.  2  ft. 
and  9  in. ,  we  must  reduce  the  300  ft.  to  higher  denomina- 
tions. 

Since  there  are  3  feet  in  1  yard,  in  300  feet  there  are  as 
many  yards  as  3  is  contained  times  in  300,  or  100  yards. 
There  are  5|-  yards  in  1  rod,  hence  in  100  yards  there  are  as 
many  rods  as  5£,  or  ^,  is  contained  times  in  100  =  18T2r 
rods. 
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1     1 

90 

8_8 

2 

Since  there  are  5^  or  *•£-  yards  in  1  rod,  in  T2T  rod  there  are 

2     II 

T?x4r'  or  1  yard>  so  we  find  that  300  feet  equals  18  rods  and 
AA  / 

1  yard.     The  problem  now  is  as  follows:    From  '20  rd.  2  yd. 

2  ft.  and  9  in.  take  18  rd.  and  1  yd. 

We  place  the  smaller  number  under  the  larger  one,  so 
that  the  units  of  the  same  denomination  fall  in  the  same 

column.      Beginning    with    the 

rd.      yd.      ft.      in.        lowest     denomination,     we    see 
that  0  inches  from  9  inches  leaves 

18         1         0         0          9   inches.       Going   to   the   next 

2129          higher     denomination,     we    see 

that  0  feet  from  2  feet  leaves  2 

feet.  Substracting  1  yard  from  2  yards,  we  have  1  yard 
remaining,  and  18  rods  from  20  rods  leaves  2  rods.  There- 
fore, the  difference  is  2  rd.  1  yd.  2  ft.  9  in.  Ans. 

(28) 


A. 
1  1  4 

sq.  rd. 
80 

sq.  yd. 
25 

7  5 

7  0 

30 

39 

9 

251 

Ans. 

EXPLANATION. — Place  the  subtrahend  under  the  minuend  so 
that  like  denominations  are  under  each  other.  Then  begin 
at  the  right  with  the  lowest  denomination.  We  cannot  sub- 
tract 30  from  25,  so  we  take  1  square  rod  (=  30-^  square 
yards)  from  80  square  rods,  leaving  79  square  rods;  adding 
30^  square  yards  to  25  square  yards,  we  have  55^-  square 
yards;  subtracting  30  from  55^  square  yards,  leaves  25 \ 
yards;  we  now  subtract  70  square  rods  from  79  square  rods, 
which  leaves  9  square  rods ;  next,  we  subtract  75  acres  from 
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114  acres,  which  leaves  39  acres,  which  we  place  under  the 
column  of  acres. 

(29)  If  10  gal.  2  qt.  and  1  pt.  of  molasses  are  sold  from 
a  hogshead  at  one  time,  and  26  gal.  3  qt.  are  sold  at  another 
time,  then  the  total  amount  of  molasses  sold  equals  10  gal. 
2  qt.  1  pt.  plus  26  gal.  3  qt. 

Since  the  pint  is  the  lowest  denomination,  we  add  the 
pints  first,  which  equal  0  +  1,  or  1  pint.  We  cannot  reduce  1 

pint  to  any  higher  denomination, 

gal.        qt.        pt.  So  we   place   it   under   the  pints 

column.     The  number  of  quarts 
is  3  -f-  2,  or  5.      Since  there  are  4 

37  I  i  quarts   in   1    gallon,   in   5  quarts 

there  are  as  many  gallons  as  4  is 

contained  times  in  5,  or  1  gallon  and  1  quart  remaining.  We 
place  the  1  quart  under  the  quarts  column,  and  reserve  the 
1  gallon  to  add  to  the  column  of  gallons.  The  number  of 
gallons  equals  1  (reserved)  -[-26-j-lO,  or  37  gallons. 

If  37  gal.  1  qt.  and  1  pt.  are  sold  from  a  hogshead  of 
molasses  (63  gal.),  there  remains  the  difference  between  63 
gal.  and  37  gal.  1  qt.  1  pt.,  or  25  gal.  2  qt.  1  pt. 

63  gal.  is  the  same  as  62  gal.  3  qt.  2  pt.,  since  1  gal.  equals 
4  qt.,  and  1  qt.  equals  2  pt. 

Beginning  with  the  lowest  denomination,  we  subtract  1  pt. 

from  the  2  pt.    1  pint  from  2  pints  leaves 

gal.     qt.     pt.        1  pint,  1  quart  from  3  quarts  leaves  2 

62        3        2         quarts,  and  37  gallons  from  62  gallons 

37        1         1         leaves  25  gallons.     Therefore,  there  are 

25        2        1         25   Sa^'    ^    qt.  and   1  pt.   of   molasses 

remaining  in  the  hogshead.     Ans. 

(30)  If  a  person  were  born  June  19,   1850,  in  order  to 
find  how  old  he  would  be   on  Aug.   3,    1892,    subtract  the 
earlier  date  from  the  later  date. 

On  Aug.  3,  7  mo.  and  3  da.  have  elapsed  from  the  begin- 
ning of  the  year,  and  on  June  19,  5  mo,  and  19  da. 

Beginning  with  the  lowest  denomination,  we  find  that  19 
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days  cannot  be  taken  from  3  days,  so  we  take  1  month  from 

7  months.     The  1  month  which  we  took  equals  30  days,  for 

in  all  cases  30  days  are  allowed  to  a 

yr.       mo.     da.      month.     Adding  30  days  to  the  3  days, 

18927          3       we  have  33  days;  subtracting  19  days 

1850     5       19       from  33  days,  we  have  14  days  remain- 

42      1       14       mg-     Since  we  borrowed  1  month  from 

the  months  column,  we  have  7  —  1,  or 

6  months  remaining;  subtracting  5  months  from  0  months, 
we  have  1  month  remaining.     1,850  from   1,892  leaves  42 
years.     Therefore,  he  would  be   42  years,  1  month,  and  14 
days  old.     Ans. 

(31)  If  a  note  given  Aug.  5,  1890,  were  paid  June  3,  1892, 
in  order  to  find  the  length  of  time  it  was  due,  subtract  the 
earlier  date  from  the  later  date. 

Beginning  with   the  lowest  denomination,  we  find  that  5 
cannot  be  subtracted  from   3,    so  we 

take  a  unit  from  the  next  higher  de- 
yr.       mo.    da. 

1  8  0  2      5         S      nomination,  which  is  months.     The  1 

7         5       month  which  we  take  equals  30  days. 

Adding  the  30  days  to  the  3  days,  we 

have   33  days.     5  days  from  33  days 

leaves   28   days.       Since    we     took    1 

month    from  the  months  column,  only   4   months   remain. 

7  months  cannot  be  taken  from  4  months,  so  we  take  1  year 
from  the  years  column,  which  equals  12  months.    12  months 
-f4  months  =  16  months.     7  months  from  16  months  =  9 
months.     Since  we  took  1  year  from  the  years  column,  we 
have  1,892  —  1,  or  1,891  remaining.     1,890  from  1,891  leaves 
1  year.      Hence,   the   note   ran  1  year,    9   months,   and   28 
days.     Ans. 

(32)  Write  the  number  of  the  year,   month,   day,  hour, 
and  minute  of  the  earlier  date  under  the  year,   month,   day, 
hour,  and  minute  of  the  later  date,  and  subtract. 

22  minutes  before  8  o'clock  is  the  same  as  38  minutes  after 
7  o'clock.  7  o'clock  P.  M.  is  19  hours  from  the  beginning  of 
the  day,  as  there  are  12  hours  in  the  morning  and  7  in  the 
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afternoon.  December  is  11  months  from  the  beginning  of 
the  year. 

10  o'clock  A.  M.  is  10  hours  from  the  beginning  of  the  day. 
July  is  0  months  from  the  beginning  of  the  year.  The  min- 
uend would  be  the  later  date,  or  1,888  years,  11  months,  11 
days,  19  hours,  and  38  minutes. 

The  subtrahend  would  be  the  earlier  date  or  1,883  years, 
6  months,  3  days,  10  hours,  and  16  minutes. 
Subtracting,  we  have 

yr.          mo.      da.       hr.      min. 

1888       11       11       19       38 

1883          6          3       10       1  G 

558       ~9 2~2 

or,  5  yr.  5  mo.  8  da.  9  hr.  and  22  min.     Ans. 

^16  minutes  subtracted  from  38  minutes  leaves  22  minutes; 
10  hours  from  19  hours  leaves  9  hours;  3  days  from  11  days 
leaves  8  days;  6  months  subtracted  from  11  months  leaves 
5  months;  1,883  from  1,888  leaves  5  years. 

(33)  In  multiplication  of  denominate  numbers,  we  place 
the  multiplier  under  the  lowest  denomination  of  the  multi- 
plicand, as 

1  7  ft.       3  in. 

51 

8  7  9  ft.       9  in. 

and  begin  at  the  right  to  multiply.  51x3  =  153  in.  As  there 
are  12  inches  in  1  foot,  in  153  in.  there  are  as  many  feet  as 
12  is  contained  times  in  153,  or  12  feet  and  9  inches  remain- 
ing. Place  the  9  inches  under  the  inches,  and  reserve  the 
12  feet.  51X17  ft.  =  867  ft.  867  ft. +12  ft.  (reserved)  = 
879  ft. 

879  feet  can  be  reduced  to  higher  denominations  by  divi- 
ding by  3  feet  to  find  the  number  of  yards,  and  by  5^  yards 
to  find  the  number  of  rods. 

3 )879  ft.   9  in. 
5.5)  293  yd. 

53  rd.   11  yd. 


qt. 
3 

pt. 
1 

gi. 

3 

4.7 

1  8.2 

0 

.1 

1  8       qt. 

0  pt. 

1.7  gi. 
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Then,  product  =  53  rd.  1£  yd.  0  ft.  9  in.,  or  53  rd.  1  yd. 
2  ft.  3  in.     Ans. 


(34) 


or, 
or,    4  gal.       2      qt.  Opt.  1.7  gi.     Ans. 

Place  the  multiplier  under  the  lowest  denomination  of  the 
multiplicand,  and  proceed  to  multiply.  4.  7  X  3  gi.  =  14.  1  gi. 
As  4  gi.  =  1  pt.  ,  there  are  as  many  pints  in  14.  1  gi.  as  4  is 
contained  times  in  14.1  =  3.5  pt.  and  .1  gi:  over.  Place  .1 
under  gills  and  carry  the  3.5  pt.  forward.  4.7x1  pt. 
=  4.7  pt.  ;  4.7  +  3.5  pt.  =  8.2  pt.  As  2  pt.  =  1  qt.,  there 
are  as  many  quarts  in  8.2  pt.  as  2  is  contained  times  in  8.2 
=  4.1  qt.  and  no  pints  over.  Place  a  cipher  under  the  pints, 
and  carry  the  4.  1  qt.  to  the  next  product.  4.  7  X  3  qt. 
=  14.1;  14.1+4.1  qt.  =  18.2  qt.  The  answer  now  is  18.2 
qt.  0  pt.  .  1  gi.  Reducing  the  fractional  part  of  a  quart,  we 
have  18  qt.  Opt.  1.7  gi.  (.2  qt.  =  .2X8  =  l.Ggi.;  1.6 
+  .1  gi.  =  1.7gi.).  Then  we  can  reduce  18  qt.  to  gallons 
(18  -=-4  =  4  gal.  and  2  qt.)  =  4  gal.  2  qt.  1.7  gi.  Ans. 

The  answer  may  be  obtained  in  another  and  much  easier 
way  by  reducing  all  to  gills,  multiplying  by  4.  7,  and  then 
changing  back  to  quarts  and  pints.  Thus, 


3  qt.  1  pt.  3  gi.  =  31  gi. 

31  gi.  X4.7  =  145.  7  gi. 

6  pt. 

+  J.  pt.  4  )  1  4  5.  7  gi. 

7  pt.  2  )  3  6      pt.  +1.7  gi. 
X_4  gi.  18       qt.+     Opt. 

28  gi. 

+    3  gi  Ans-  =  1ScLL  l-7gi.; 

—  or,  4  gal.  2qt.  1.7  gi. 
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(35)     (3  Ib.  10  oz.  13  pwt.  12  gr.)  X  1.5  =  ? 

3  Ib.  10  oz.  13  pwt.  12  gr. 

X~l    O 
JL    £ 

3  6  oz. 

4  6  oz. 
X      20 

920  pwt. 
+     13 

933  pwt. 
X  24 


2  2  3  9  2  gr. 


2  2  4  0  4  gr. 

22,404  gr.  xl.5  =  33,006  gr. 

2  4  )  3  3  6  0  6  gr. 
2  0  )  1  4  0  0  pwt.  +  6  gr. 
1  2)70  oz.  +  Opwt. 
5  Ib.+  lO  oz. 

Since  there  are  24  gr.  in  1  pwt.,  in  33,606  gr.  there  are 
as  many  pennyweights  as  24  is  contained  times  in  33,606, 
or  1,400  pwt.  and  6  gr.  remaining.  This  gives  us  the  num- 
ber of  grains  in  the  answer.  We  now  reduce  1,400  pwt. 
to  higher  denominations.  Since  there  are  20  pwt.  in  1  oz., 
in  1,400  pwt.  there  are  as  many  ounces  as  20  is  contained 
times  in  1,400,  or  70  oz.  and  0  pwt.  remaining;  therefore, 
there  are  0  pwt.  in  the  answer.  We  reduce  70  oz.  to 
higher  denominations.  Since  there  are  12  oz.  in  1  Ib.  ,  in  70 
oz.  there  are  as  many  pounds  as  12  is  contained  times  in 
70,  or  5  Ib.  and  10  oz.  remaining.  We  cannot  reduce  5  Ib.  to 
any  higher  denominations.  Therefore,  our  answer  is  5  Ib. 
10  oz.  6  gr. 

Another  but  more  complicated  way  of  working  this  prob- 
lem is  as  follows  : 
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Ib.         oz.      pwt.         gr.  To  get  rid  of  the  deci- 

3          1013          12  mal  in  the  pounds,  reduce 

1.5  .5  of  a  pound  to  ounces. 

4^5       i~5 i  9.5       T~8  Since  1  Ib.   =  12  oz.,  .5  of 

or,  4          2119          30  a  pound  equals  .5  Ib.  X  12 

or,  5          10          0  6  Ans.    —  6  oz.     G  oz.  +15  oz.  = 

21  oz.     We  now  have  4  Ib. 

21  oz.  19.5  pwt.  and  18  gr. ;  but  we  still  have  a  decimal  in 
the  column  of  pwt. ,  so  we  reduce  .  5  pwt.  to  grains  to  get  rid 
of  it.  Since  1  pwt.  =  24  gr.,  .5  pwt.  =  .5  pwt.  X24  =  12 
gr.  12  gr.+  lSgr.  =  30  gr.  We  now  have  4  Ib.  21  oz.  19  pwt. 
and  30  gr.  Since  there  are  24  gr.  in  1  pwt. ,  in  30  gr.  there  is 
1  pwt.  and  G  gr.  remaining.  Place  6  gr.  under  the  column  of 
grains  and  add  1  pwt.  to  the  pwt.  column.  Adding  1  pwt. ,  we 
have  19  +  1  =  20  pwt.  Since  there  are  20  pwt.  in  1  oz.,  we 
have  1  oz.  and  0  pwt.  remaining.  Write  the  0  pwt.  under 
the  pwt.  column,  and  reserve  the  1  oz.  to  the  oz.  column. 

21  oz.  +1  oz.  =  22  oz.      Since   there  are  12  oz.  in  1  Ib. ,  in 

22  oz.  there  is  1  Ib.  and  10  oz.  remaining.    Write  the  10  oz. 
under  the  ounce  column,  and  reserve  the  1  Ib.  to  add  to  the 
pounds  column.    4  Ib.  + 1  Ib.  (reserved)  =  5  Ib.     Hence,  the 
answer  equals  5  Ib.  10  oz.  6  gr. 

(36)     If  each  barrel  of  apples  contains  2  bu.  3  pk.  and  6  qt., 
then  9  bbl.  will  contain  9  X  (2  bu.  3  pk.  6  qt.). 

We  write  the  multiplier  under  the  lowest  denomination  of 

the  multiplicand,  which  is   quarts  in 

bu.      pk.       qt.     this  problem.     9  times  G  qt.  equals  54 

236       qt.     There  are  8  qt.  in  1  pk.,  and  in 

9       54  qt.  there  are  as  many  pecks  as  8  is 

18       27       54       contained  times  in  54,  or  6  pk.  and  6  qt. 

or,  2  6          1          6       We  write  the  6  qt.  under  the  column 

of  quarts,  and  reserve  the  6  pk.  to  add 

to  the  product  of  the  pecks.  9  times  3  pk.  equals  27  pk. ; 
27  pk.  plus  the  6  pk.  (reserved)  equals  33  pk.  Since  there  are 
4  pk.  in  1  bu.,  in  33  pk.  there  are  as  many  bushels  as  4  is  con- 
tained times  in  33,  or  8  bu.  and  1  pk.  remaining.  We  write 
the  1  pk.  under  the  column  of  pecks,  and  reserve  the  8  bu. 
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for  the  product  of  the  bushels.  9  times  2  bu.  plus  the  8  bu. 
(reserved)  equals  26  bu.  Therefore,  we  find  that  9  bbl.  con- 
tain 26  bu.  1  pk.  6  qt.  of  apples.  Ans. 

(37)  (7  T.  15  cwt.  10.5  lb.)xl.7  =  ?     When  the  multi- 
plier is  a  decimal,  instead  of  multiplying  the  denominate 
numbers  as  in  the  case  when  the  multiplier  is  a  whole  num- 
ber, it  is  much  easier  to  reduce  the  denominate  numbers  to 
the  lowest  denomination  given ;  then  multiply  that  result  by 
the  decimal,  and,  lastly,  reduce  the  product  to  higher  denomi- 
nations.     Although  the  correct  answer  can  be  obtained  by 
working  examples  involving  decimals  in  the  manner  as  in  the 
last  example,  it  is  much  more  complicated  than  this  method. 

7  T.  15  cwt.  10.5  Ib. 
X    2  0 

140  cwt. 
+    15 

155  cwt. 
X       100 

1  5  5  0  0  Ib. 
+_         1  0-5 

1  5  5  1  0.5  Ib. 

15,510.5  Ib.  X  1.7  =  26,367.85  Ib. 

There  are  100  Ib.  in  1  cwt,  and  in  26,367.85  Ib.  there  are 

as  many  cwt.  as  100  is  contained  times  in  26,367.85,  which 

100)26  3  6785  Ib  equals  263  cwt.  and  67.85  Ib. 

2  0  )  2'  0  3  cwt.  +  07.85  Ib.    fining.      Since   we   have 

—  the  number  of  pounds  for  our 

1  3  T.  +  3  cwt.  answer,  we  reduce  263   cwt. 

to  higher  denominations.     There  are  20  cwt.  in  1  ton,  and 

in  263  cwt.  there  are  as  many  tons  as  20  is  contained  times 

in  263,  or  13  T.  and  3  cwt.  remaining.      Since   we   cannot 

reduce  13  T.  any  higher,  our  answer  is  13  T.  3  cwt.   67.85 

Ib.     Or,  since  .85  Ib.   =  .85  Ib.  X16  =  13.6  oz.,  the  answer 

may  be  written  13  T.  3  cwt.  67  Ib.  13.6  oz. 

(38)  7  )  3  5  8  A.      5  7  sq.  rd.      6  sq.  yd.      2  sq.  ft. 

5  1  A.      3  1  sq.  rd.      0  sq.  yd.      8  sq.  ft.     Ans. 
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We  begin  with  the  highest  denomination,  and  divide  each 
term  in  succession  by  7. 

7  is  contained  in  358  A.  51  times  and  1  A.  remaining.  We 
write  the  51  A.  under  the  358  A.  and  reduce  the  remaining 
1  A.  to  square  rods  =  160  sq.  rd.  ;  160  sq.  rd.  -fthe  57  sq. 
rd.  in  the  dividend  =  217  sq.  rd.  7  is  contained  in  217  sq. 
rd.  31  times  and  0  sq.  rd.  remaining.  7  is  not  contained  in 
6  sq.  yd.,  so  we  write  0  under  the  sq.  yd.  and  reduce  6  sq. 
yd.  to  square  feet.  9  sq.  ft.  X  6  =  54  sq.  ft.  54  sq.  ft. 
+  2  sq.  ft.  in  the  dividend  =  56  sq.  ft.  7  is  contained  in  56 
sq.  ft.  8  times.  We  write  8  under  the  2  sq.  ft.  in  the  dividend. 

(39)  12  )  282  bu.        3  pk.        1  qt.        1  pt. 

23  bu.        2  pk.        2  qt.        £  pt.     Ans. 

12  is  contained  in  282  bu.  23  times  and  6  bu.  remaining. 
We  write  23  bu.  under  the  282  bu.  in  the  dividend,  and 
reduce  the  remaining  6  bu.  to  pecks  =  24  pk.  +  the  3  pk.  in 
the  dividend  =  27  pk.  12  is  contained  in  27  pk.  2  times  and 
3  pk.  remaining.  We  write  2  pk.  under  the  3  pk.  in  the  divi- 
dend, and  reduce  the  remaining  3  pk.  to  quarts.  3  pk.  =  24 
qt. ;  24  qt. +the  1  qt.  in  the  dividend  =  25  qt.  12 
is  contained  in  25  qt.  2  times  and  1  qt.  remaining.  We 
write  2  qt.  under  the  1  qt.  in  the  dividend,  and  reduce  1  qt. 
to  pints  =  2  pt.  +  the  1  pt.  in  the  dividend  =  3  pt.  3-7-12 

=   TV  °r  4  Pt. 

(40)  We  must  first  reduce  23  miles  to  feet  before  we  can 
divide  by  30  feet.      1  mile  contains  5,280  ft.;  hence  23  mi. 
contain  5,280x23  =  121,440  ft. 

121,440  ft.  -r-  30  ft.  =  4,048  rails  for  1  side  of  the  track. 
The  number  of  rails  for  2  sides  of  the  track  =  2x4,048, 
or  8,096  rails.     Ans. 

(41)  In  this  case,  where  both  dividend  and  divisor  are 
compound,  reduce  each  to  the  lowest  denomination  mentioned 
in  either,  and  then  divide  as  in  simple  numbers. 
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3  5  6  bu.  3  pk.  5  qt. 
X  __  4 

1  4  2  4  pk. 
+  _  3 

1  4  2  7  pk. 
X_  _  8 
1  1  4  1  6  qt. 


11421  qt. 


11,421  qt.  -^47  qt.  =  243  boxes.     Ans. 


(42)     We  must  first  reduce  1G  square  miles  to  acres. 

In  1  sq.  mi.  there  are  040  A.,  and  in  16  sq.  mi.  there  are 
16X640  A.  =  10,240  A. 

6  2 )  1  0  2  4  0  A. 

1  6  5  A.   25  sq.  rd.   24  sq.  yd.   3  sq.  ft.   80+ sq.  in. 

Ans. 

62  is  contained  in  10,240  A.  165  times  and  10  A.  remain- 
ing. We  write  165  A.  under  the  10,240  A.  in  the  dividend 
and  reduce  10  A.  to  sq.  rd.  In  1  A.  there  are  160  sq.  rd., 
and  in  10  A.  there  are  10x160  =  1,600  sq.  rd.  62  is  con- 
tained in  1,600  sq.  rd.  25  times  and  50  sq.  rd.  remaining". 
We  write  25  sq.  rd.  in  the  quotient  and  reduce  50  sq.  rd.  to 
sq.  yd.  In  1  sq.  rd.  there  are  30'J-  sq.  yd.,  and  in  50  sq.  rd. 
there  are  50  X  30^  sq.  yd.  =  1,5121  sq.  yd.  62  is  con- 
tained in  1,512^-  sq.  yd.  24  times  and  24^  sq.  yd.  remaining.  We 
write  24  sq.  yd.  in  the  quotient  and  reduce  24^-  sq.  yd.  to  sq. 
ft.  In  1  sq.  yd.  there  are  9  sq.  ft.,  and  in  24|  sq.  yd.  there  are 
24£x9  =  220i  sq.  ft.  62  is  contained  in  220£  sq.  ft.  3  times 
and  34^-  sq.  ft.  remaining.  We  write  3  sq.  ft.  in  the  quotient 
and  reduce  34^-  sq.  ft.  to  sq.  in.  In  1  sq.  ft.  there  are  144 
sq.  in.,  and  in  34£  sq.  ft.  there  are  34^x144  =  4,968  sq.  in. 
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62   is   contained   in    4,968    sq.    in.   80    times    and    8  sq.   in. 
remaining.     We  write  80+  sq.  in.  in  the  quotient. 

It  should  be  borne  in  mind  that  it  is  only  for  the  purpose 
of  illustrating  the  method  that  this  problem  is  carried  out 
to  square  inches.  It  is  not  customary  to  reduce  any  lower 
than  square  rods  in  calculating  the  area  of  a  farm. 

(43)  To  square  a  number,  we  must  multiply  the  number 
by  itself  once ;    that  is,  use   the  number  twice  as  a  factor. 
Thus,  the  second  power  of  108  is  108x108  =  11,664.     Ans. 

108 

108 

864 
108 
11664 

(44)  The  third  power  of  181.25  equals  the  number  ob- 
tained by  using  181. 25  as  a  factor  three  times.     Thus,  the  third 
power  of  181.25  is  181. 25X181.25X181. 25  =  5,954,345.703- 
125.     Ans. 

1  8  1.2  5 
1  8  1.2  5 

90625  Since  there  are  2  decimal 

36250  places  in  the  multiplier  and  2 

18125  in  the  multiplicand,  there  are 

145000  2  +  2  =  4  decimal  places  in 

18125  the  first  product. 

3  28  5  1.5  6  2  5 
1  8  1.2  5 


1642578125  Since  there  are  4  decimal 

657031250  places   in    the    multiplicand 

328515625  and  2  in  the  multiplier,  there 

2628125000  are  4  +  2  =  6  decimal  places 

328515625  in  the  final  product. 
595434  5.7  03125 

(45)  The  fourth  power  of  27.61  is  the  number  obtained  by 
using  27. 61  as  a  factor  four  times.  Thus,  the  fourth  power  of 
27.61  is27.6lX27.6lX27.6lX27.61  =  581,119.73780641.  Ans. 
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27.61 

27.61 

2761  Since  there  are  2  decimal 

16566  places  in  the  multiplier  and  2 

19327  in  the  multiplicand,  there  are 

5522  2  +  2  =  4  decimal  places  in 


7  6  2.3  1  2  1  the  nrgt  product. 

27.6  1 

7623121  Since  there  are  4  decimal 

45738726  places    in    the    multiplicand 

53361847  and  2  in  the  multiplier,  there 

15246  242  are  4  +  2  =  6  decimal  places 

2104  7.  437081  in  the  second  product. 
_  2  7.6  1 

21047437081  Since  there  are  6  decimal 

126284622486  places   in    the    multiplicand 

147332059567  and  2  in  the  multiplier,  there 

42094874162  are  6  +  2  =  8  decimal  places 

581119.73780641  in  the  final  product. 

(46)     (a)  1062  =  106X106  =  11,236.     Ans. 

106 

106 

636 
1060 
11236 

(b)     (182i)2  =  182|X182|-  =  33,169.515625.     Ans. 
|  =  8  )  1.0  0  0  1  8  2.1  2  5 

•1  2  5                 1  82-1  25  Since  there  are  3 

910625  decimal    places    in 

364250  the  multiplier  and  3 

182125  ,  in  the  multiplicand, 

364250  there  are  3  +  3  =  6 

1457000  decimal    places    in 

183125  the  product. 
3  3  1  6  9.5  1  5  6  2  5 


24  ARITHMETIC.  §  2 

(c)     .005a  =  .005  X.  005  =  .000025.     Ans. 

Q  Q  g  Since  there  are  3  decimal  places 

"Q  Q  g  in  the  multiplicand  and  3  in  the 

multiplier,    there    are    3  +  3  =  6 
decimal  places  in  the  product. 


(d)     .00632  =  . 0063  X. 0063  =  .00003969.     Ans. 
.0063 

•u  u  o  o  Since  there  are  4  decimal  places 
189                |n  the  multiplicand  and  4  in  the 
378                   multiplier,    there   are 


.00003969  decimal  places  in  the  product. 

(e)     10. 062  =  10.06X10.06  =  101.2036.     Ans. 
1  0.0  6 

1  0-Q  **  Since  there  are  2  decimal  places 

6036  in  the  multiplicand  and  2  in  the 

100600  multiplier,    there   are    2+2  =:  4 

1  0  1.2  0  3  6  decimal  places  in  the  product. 

(47)     (a)  7533  =  753x753x753  =  426,957,777.     Ans. 

753 
753 
2259 
3765 
5271 
567009 
753 


1701027 
2835045 
3969063 

426957777 


(b)     987.43=  987.4X987.4X987.4  =  962,674,279.624. 

Ans. 
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9  8  7.4 
9  8  7.4 


3  9  4  9  (5  Since  there  is  1  decimal  place  in 

69118  the    multiplicand    and    1    in    the 

78992  multiplier,     there    are    1  +  1  =  2 

decimal  places  in  the  first  product. 


9  7  495  8.7  6 
9  8  7.4 

389983504  Since  there  are  2  decimal  places 

682471132  in  the  multiplicand  and  1  in  the 

779967008  multiplier,    there    are    2  +  1  =  3 

877462884 decimal  places  in  the  final  product. 

9  6  2  6  7  42  7  9.6  24 

(c)     .0053  =  .  005  X.  005  X.  005  =  .000000125.     Ans. 

Since  there  are  3  decimal  places  in  the  multiplicand  and  3 

in  the  multiplier,  there  are  3  +  3  =  6  decimal  places  in  the 

first    product;  but,   as  there    are    only 

.005         2  figures  in  the    product,   we  prefix  4 

-005         ciphers  to  make  the  6  decimal  places. 

.000025  Since  there  are  6  decimal  places  in 

.005         the  multiplicand  and  3  in  the  multiplier, 


.000000125         there  are  6  +  3  =  9  decimal  places  in 
the    final    product.      In    this    case    we 
prefix  6  ciphers  to  form  the  9  decimal  places. 

(d)    .40443  =  .4044X.4044X. 4044  =  .066135317184.    Ans. 

Since   there   are   4   decimal 

A    ( \    A     A 

places  in  the  multiplicand  and 
4044 

4  in  the  multiplier,  there  are 

16176  4  +  4  =  8    decimal    places  in 

16176  the  first  product. 

1  6  1  7  6  0  Since   there   are   8    decimal 

.16353936  places  in  the  second  multipli- 

.4044  cand  and  4  in  the  multiplier, 

65415744  there  are  8  +  4  =  12  decimal 

65415744  places  in  the  final  product ;  but, 

654157440  as  there  are  only  1 1  figures  in 

.060135317184          the  Pr°duct-  we  Prf  *  1  cipher 

to  make  12  decimal  places. 
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(48)  2a  =  2X2X2X2X2  =  32.     Ans. 

(49)  34  =  3X3X3X3  =  81.     Ans. 

(50)  (a)  67. 852  =  67.85x07.85  =  4,603.6225,     Ans. 

6  7.85 
6  7.8  5 


33925 

54280 
47495 
40710 
460  3. 6225 

Since  there  are  2  decimal  places  in  the  multiplier  and  2  in 
the  multiplicand,  there  are  2  +  2  —  4  decimal  places  in  the 
product. 

(If)     967, 8452  =  967,845X967,845  =  936,723,944,025.    Ans. 

9  6  7  &4  5 
967845 
4839225 
3871380 
7742760 
6774915 
5807070 
8710605 


936723944025 

(c)     A  fraction  may  be  raised  to  any  power  by  raising*  both 
numerator  and  denominator  to  the  required  term. 

q  v  q 

Thus,  (t)'  =  tXf  =  5      I  =  A.     Ans. 

oX  o 


(d)     (i)*  =  iXi  =  j       =  1V.     Ans. 

(51)     (a)  510  =  5X5X5X5X5X5X5X5X5X5  =  9,765,- 
625.     Ans. 

(b)     96  =  9X9X9X9X9  =  59,049.     Ans. 
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(a)  (b) 

9 


8  1 

9 


729 
9 


6561 

9 

59049 


15625 

5 

78125 

5 

390625 

5 

1953125 

5 

9765625 

(52)  (a)  1.24  =  1.2X1.2X1.2X1.2  =  2.0736.  Ans. 

1.2  Since  there  is  1  decimal  place  in  the 

1.2  multiplicand  and  1  in  the  multiplier, 

24  we  must  point  off  1-f-l  =  2  decimal 

I  2  places  in  the  first  product. 

1.44 

-^  2  Since  there  are  2  decimal  places  in 

the  second  multiplicand  and  1  in  the 
multiplier,  we  must  point  off  2  -f- 1  =  3 
decimal  places  in  the  second  product. 

Since  there  are  3  decimal  places  in 
the  third  multiplicand  and  1  in  the 
multiplier,  we  must  point  off  3-1-1  =  4 


2.0736  decimal  places  in  the  final  product. 
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(b)     llfl=  11 X 11 X 11 X 11  X  11X11  =  1,771,561.     Ans. 

1  1 
1  1 

121 

1  1 

1331 
1  1 


14641 
1_1 

161051 

1JL 

1771561 

(c)  1T=  1X1X1X1X1X1X1  =  1.     Ans. 

(d)  .014=  .01X.01X.01X.01  =  .00000001.     Ans. 

Since  there  are  2  decimal  places  in  the  multiplicand  and 
2  in  the  multiplier,  we  must  point  off  2  +  2  —  4  decimal 
places  in  the  first  product ;  but,  as  there 
is  only  1  figure  in  the  product,  we  prefix 
3  ciphers  to  make  the  4  necessary  deci- 
mal places. 

Since  there  are  4  decimal  places  in 
the   second   multiplicand   and  2  in  the 
_L:_i      multiplier,    we    must    point    off    4-f-2 


.00000001  =  6  decimal  places  in  the  second  prod- 
uct. It  is  necessary  to  prefix  5  ciphers  to  make  6  decimal 
places. 

Since  there  are  6  decimal  places  in  the  third  multiplicand 
and  2  in  the  multiplier,  we  must  point  off  6  -f-  2  =  8  decimal 
places  in  the  product.  It  is  necessary  to  prefix  7  ciphers  to 
make  8  decimal  places  in  the  final  product. 

(e)     .16=  .IX.lX.lX.lX.l  =  .00001.     Ans. 

vSince  there  is  1  decimal  place  in  the  multiplicand  and  1  in 
the  multiplier,  we  must  point  off  1  -f- 1  =  2  decimal  places 
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*in  the  first  product.     It  is  necessary  to  prefix 

1  cipher  to  the  product. 

Since  there  are  2  decimal  places  in  the 
second  multiplicand  and  1  in  the  multiplier, 
we  must  point  off  2  +  1  =  3  decimal  places  in 
the  second  product.  It  is  necessary  to  prefix 

2  ciphers  to  the  second  product. 

Since  there  are  3  decimal  places  in  the  third 
multiplicand  and  1  in  the  multiplier,  we  must 
.00001       point  off  3  + 1  =  4  decimal  places  in  the  third 
product.      It  is  necessary  to  prefix  3  ciphers  to  this  product. 
Since  there  are  4  decimal  places  in  the  fourth  multiplicand 
and  1  in  the  multiplier,  we  must  point  off  4  +  1  =  5  decimal 
places   in   the   final   product.      It  is   necessary   to   prefix  4 
ciphers  to  this  product. 

(53)     (a)  .01333  =  . 0133 X. 0133  X  .0133  =  .000002352637. 

Ans. 

Since  there  are  4  decimal  places  in  the  multiplicand  and 
4  in  the  multiplier,  we  must  point  off  4  +  4  =  8  decimal 
places  in  the  product;  but,  as  there  are  only  5  figures  in  the 
product,  we  prefix  3  ciphers  to  form  the  8  necessary  decimal 

places     in    the    first 

.0133  product. 

0  I  3  3  Since  there  are  8  dec- 

Q  Q  .Q  imal  places  in  the  mul- 

Q  Q  Q  tiplicand  and  4   in   the 

i  Q  Q  multiplier,     we     must 

point    off   8+4  =  12 

.00017689  decimal      laces    in   the 

product;   but,  as  there 

5  3  0  6  7  are    oniy   7   figures    in 

)  6  t  the  product,  we  prefix  5 

17689  ciphers  to  make  the   12 

.000002352637  necessary  decimal  places 

in  the  final  product. 

(If)  301. Oil3  =  301.011X301.011X301.011  =  27,273,890.- 
942264331.  Ans. 
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301011  Since  there  are  3  dec- 

301011         *ma^  P^aces  m  t^6  mul- 
tiplicand  and  3   in  the 
oOlOll  il»   *• 

qoinil  multiplier,    we    must 

3010110  Point  off  8  +  8  =  6  dec- 


9030330 

-  product. 

90607.622121  Since  there  are  6  dec- 

.  _  3  °  1'Q  1  1  imal  places  in  the  mul- 

90607622121  tiplicand  and   3  in    the 

90607622121  multiplier,    we     must 

906076221210  point  off  .6  +  3  =  9  dec- 

2718228663630  imai  piaces  in  the  final 

2727389  0.9  42264331  product. 


Ans. 


(d)  To  find  any  power  of  a  mixed  number,  first  reduce  it 
to  an  improper  fraction,  and  then  multiply  the  numerators 
together  for  the  numerator  of  the  answer,  and  multiply  the 
denominators  together  for  the  denominator  of  the  answer. 


(3J)3  =  .x¥x¥  =  = 


3X4  +  3        12  +  3 
4  4 

15  6  4)  3  3  7  5.0  00  (  5  2.7  3  4  +  . 

j_5  320 

75  175 

1  5  1  2  8 

225  470 

15  448 


1125  220 

225  192 


3375  280 

256 
24 


§  2  ARITHMETIC.  31 

Since  three  ciphers  were  annexed  to  the  dividend,  three 
decimal  places  must  be  pointed  off  in  the  quotient.  It  is 
easy  to  see  that  the  next  figure  will  be  a  3 ;  hence,  write  the 
sign  + ,  as  shown. 

(54)  Evolution  is  the  reverse  of  involution.     In  involu- 
tion we  find   the  power   of   a   number  by  multiplying  the 
number  by  itself  one  or  more  times,  while  in  evolution  we 
find  the  number  or  root  which  was  multiplied  by  itself  one  or 
more  times  to  make  the  power. 

(55)  (a) 

1  4/3'48'G  7'8  4.401  0  =  1,867.29+.     Ans. 

1_  1 

2~0  248 

8  224= 


28  2467 

8  2196 


360  27184 

6  26089 


366  3734  )  1  0  9  5.0  0  0  (.293  or  .29+ 

6  7468 

3720  34820 

7  33606 


727  12140 

7 


3734 

EXPLANATION.  —  Applying  the  short  method  described  in 
Art.  91,  we  extract  the  root  by  the  regular  method  to  four 
figures,  since  there  are  six  figures  in  the  answer,  and 
6  -=-2+1  =  4.  The  last  remainder  is  1,095,  and  the  last 
trial  divisor  (with  the  cipher  omitted)  is  3,734.  Dividing 
1,095  by  3,734,  as  shown,  the  quotient,  is  .293+,  or 
.29+,  using  two  figures.*  Annexing  to  the  root,  gives 
1,867.29+.  Ans. 
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(b)  (a)  3       V9'0  O'O  0/(J  9.4  O'O  9'0  0  —  3,000.0165+. 

3_  (b)  9 An& 

(</)  G  0  (c)   0000994009 
0  G  0  0  0  0  1 


GOO  39400800 

0  3G00015G 

GOOO  3400644 

0 

G  0  0  0  0 
0 


G  0  000  0 
_  1 
600001 


6000020 
_  6_ 
6000026 

EXPLANATION.  —  Beginning  at  the  decimal  point,  we  point 
the  whole  number  into  periods  of  two  figures  each,  proceed- 
ing from  right  to  left;  also,  point  off  the  decimal  into 
periods  of  two  figures  each,  proceeding  from  left  to  right. 
The  largest  number  whose  square  is  contained  in  the  first 
period,  9,  is  3  ;  hence,  3  is  the  first  figure  of  the  root.  Place 
3  at  the  left,  as  shown  at  (a),  and  multiply  it  by  the  first 
figure  in  the  root,  or  3.  The  result  is  9.  Write  9  under  the 
first  period,  9,  as  at  ($),  subtract,  and  there  is  no  remainder. 
Bring  down  the  next  period,  which  is  00,  as  shown  at  (c). 
Add  the  root  already  found  to  the  3  at  (a),  obtaining  6,  and 
annex  a  cipher  to  this  6,  thus  making  it  60,  which  is  the 
trial  divisor,  as  shown  at  (d).  Divide  the  dividend  (c)  by 
the  trial  divisor,  and  obtain  0  as  the  next  figure  in  the  root. 
Write  0  in  the  root,  as  shown,  and  also  add  it  to  the  trial 
divisor,  60,  and  annex  a  cipher,  thereby  making  the  next 
trial  divisor  600.  Bring  down  the  next  period,  00,  annex  it 
to  the  dividend  already  obtained,  and  divide  it  by  the  trial 
divisor.  600  is  contained  in  0000,  0  times,  so  we  place 
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another  cipher  in  the  root.  Write  0  in  the  root,  as  shown, 
and  also  add  it  to  the  trial  divisor,  600,  and  annex  a  cipher, 
thereby  making  the  next  trial  divisor  6,000.  Bring  down 
the  next  period,  99.  The  trial  divisor,  6,000,  is  contained  in 
000099,  0  times,  so  we  place  0  as  the  next  figure  in  the  root, 
as  shown,  and  also  add  it  to  the  trial  divisor,  6,000,  and 
annex  a  cipher,  thereby  making  the  next  trial  divisor  60,000. 
Bring  down  the  next  period,  40,  and  annex  it  to  the  dividend 
already  obtained  to  form  the  new  dividend,  00009940,  and 
divide  it  by  the  trial  divisor,  60,000.  60,000  is  contained  in 
00009940,  0  times,  so  we  place  another  cipher  in  the  root,  as 
shown,  and  also  add  it  to  the  trial  divisor,  60,000,  and  annex 
one  cipher,  thereby  making  the  next  trial  divisor  600,000. 
Bring  down  the  next  period,  09,  and  annex  it  to  the  dividend 
already  obtained  to  form  the  new  dividend,  0000994009,  and 
divide  it  by  the  trial  divisor,  600,000.  600,000  is  contained 
in  0000994009,  once,  so  we  place  1  as  the  next  figure  in  the 
root,  and  also  add  it  to  the  trial  divisor,  600,000,  thereby 
making  the  complete  divisor  600,001.  Multiply  the  com- 
plete divisor,  600,001,  by  1,  the  sixth  figure  in  the  root,  and 
subtract  the  result  obtained  from  the  dividend.  The  remain- 
der is  394,008,  to  which  we  annex  the  next  period,  00,  to 
form  the  next  new  dividend,  or  39,400,800.  Add  the  sixth 
figure  of  the  root,  or  1,  to  the  divisor,  600,001,  and  annex  a 
cipher,  thus  obtaining  6,000,020  as  the  next  trial  divisor. 
Dividing  39,400,800  by  6,000,020,  we  find  6  to  be  the  next 
figure  of  the  root.  Adding  this  last  figure,  6,  to  the  trial 
divisor,  we  obtain  6,000,026  for  our  next  complete  divisor, 
which  multiplied  by  the  last  figure  of  the  root,  or  6,  gives 
36,000,156,  which  write  under  39,400,800  and  subtract. 
vSince  there  is  a  remainder,  it  is  clearly  evident  that  the 
given  power  is  not  a  perfect  square,  so  we  place  -f  after  the 
root.  Since  the  next  figure  is  5,  the  answer  is  3,000.017—. 

In  this  problem  there  are  seven  periods — four  in  the 
whole  number  and  three  in  the  decimal — hence,  there  will 
be  seven  figures  in  the  root,  four  figures  constituting  the 
whole  number  and  three  figures  the  decimal  of  the  root. 
Hence,  1/9, 000, 099. 4009  =  3,000.017-. 
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(c)  3  4/.0  O'l  2'2  5  =  .035.     Ans. 

3_ 
0  0 
_5 
6  5 


Pointing  off  periods,  we  find  that  the  first  period  is  com- 
posed of  ciphers;  hence,  the  first  figure  of  the  root  will  be 
a  cipher.  No  further  explanation  is  necessary,  since  this 
problem  is  solved  in  a  manner  exactly  similar  to  the  prob- 
lem solved  in  Art.  83,  Arithmetic,  §  2.  Since  there  are 
three  decimal  periods  in  the  power,  there  will  be  three 
decimal  figures  in  the  root. 


i/1'0  7'9  5.2  1  =  103.9.  Ans. 


0795 
609 


18621 
18621 


2069 


(b)     2          fT3  O'O  8.0  5  =  270.2+.  Ans. 


330 

3  2  1) 


10805 
10804 


5402 
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(c)          9  4/9  0.0  O'O  O'O  0  =  9.487-.,     Ans. 

81 
900 
736 


16400 
15104 

1896  )  1  2  9  6.00  (  .68+  or  .7- 
11376 

15840 
14168 


1896 

Having  found  the  first  three  figures,  we  find  the  fourth  by 
division,  as  shown. 


—  .3.     Ans. 


32  7'6  8  O'O  00  =  .6894+.      Ans. 
216 

111680 
98432 


13248000 
12650769 

1424163)  5  9  73  3  1.00  (.41+  or. 4+ 
5696652 

2756580 
1424163 


2067 

Here  we  find  the  first  three  figures  in  the  regular  way,  and 
the  fourth  figure  by  the  short  method.  See  Art.  1O3. 

EXPLANATION. — (1)  When  extracting  the  cube  root,  we 
divide  the  power  into  periods  of  three  figures  each.  Always 
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begin  at  the  decimal  point  and  proceed  to  the  left  in  point- 
ing off  the  whole  number,  and  to  the  right  in  pointing  off 
the  decimal.  In  this  power,  I/7. 32768,  a  cipher  must  be 
annexed  to  68  to  complete  the  second  decimal  period. 
Cipher  periods  may  now  be  annexed  until  the  root  has  as 
many  figures  as  desired. 

(2)  We  find  by  trial  that  the  largest  number  whose  cube 
is  contained  in  the  first  period,  327,  is  6.     Write  6  as  the  first 
figure  of  the  root,  also  at  the  extreme  left  at  the  head  of  col- 
umn (1).      Multiply  the  0  in  column  (1)  by  the  first  figure  of 
the  root,  6,  and  write  the  product,  36,  at  the  head  of  col- 
umn (2).     Multiply  the  number  in  column  (2)  by  the  first 
figure  of  the  root,  6,  and  write  the  product,  210,  under  the 
figures  in  the  first  period.     Subtract  and  bring  down  the 
next  period,  680,  annexing  it  to  the  remainder,  111,  thereby 
obtaining  111,680  for  a  new  dividend.     Add  the  first  figure 
of  the  root,  6,  to  the  number  in  column  (1),  obtaining  12, 
which  we  call  the  first  correction;  multiply  the  first  correc- 
tion, 12,  by  the  first  figure  of  the  root,  and  we  obtain  72  as 
the  product,  which  added  to  36  of  column  (2)  gives  108. 
Annexing  two  ciphers  to  108,  we  have  10,800  for  the  trial 
divisor.      Dividing  the  dividend  by  the  trial  divisor,  we  see 
that  it  is  contained  about  8  times,  so  we  write  8  as  the  second 
figure  of  the  root.     Add  the  first  figure  of  the  root  to  the 
first  correction,  and  we  obtain  18  as  the  second  correction. 
To  this  annex  one  cipher,  and  add  the  second  figure  of  the 
root,  and  we  obtain  188.     This  multiplied  by  the  second 
figure  of  the  root,  8,  equals  1,504,  which  added  to  the  trial 
divisor,  10,800,  forms  the  complete  divisor,  12,304.     Multi- 
plying the  complete  divisor,  12,304,  by  8,  the  second  figure 
of  the  root,   the  result  is  98,432.     Write  98,432  under  the 
dividend,   111,680;   subtract,  and  there   is  a  remainder  of 
13,248.     To   this   remainder   annex   the   next   period,  000, 
thereby  obtaining  13,248,000  for  the  next  new  dividend. 

(3)  Adding  the  second  figure  of  the  root,  8,  to  the  number 
in  column  (1),  188,  we  have  196  for  the  first  new  correction. 
This  multiplied  by  the  second  figure  of  the  root,  8,  gives 
1,568.     Adding  this  product  to  the  last  complete  divisor,  and 
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annexing  two  ciphers,  gives  1,387,200  for  the  next  trial 
divisor.  Adding  the  second  figure  of  the  root,  8,  to  the  first 
new  correction,  196,  we  obtain  204  for  the  new  second  correc- 
tion. Dividing  the  dividend  by  the  trial  divisor,  1,387,200, 
we  see  that  it  is  contained  about  9  times.  Write  9  as  the  third 
figure  of  the  root.  Annex  one  cipher  to  the  new  second  cor- 
rection, and  to  this  add  the  third  figure  of  the  root,  9,  thereby 
obtaining  2,049.  This  multiplied  by  9,  the  third  figure  of 
the  root,  equals  18,441,  which  added  to  the  trial  divisor, 
1,387,200,  forms  the  complete  divisor,  1,405,641.  Multiply- 
ing the  complete  divisor  by  the  third  figure  of  the  root,  9, 
and  subtracting,  we  have  a  remainder  of  597,231.  We  then 
find  the  fourth  figure  by  division,  as  shown. 


4  16  ^  7  4/0  8  8  =  42.     Ans. 

4  3_2  _  64  _ 

8  4800  10088 

4  9,  4.4.  10088 


120 
2 
122 

)  1  6  f  9  2'4  1  6  =  45.212-.     Ans. 

32 


_ 

1  4800  28416 

6^5  27125 


5425  1291000 

650  1220408 

5 


125    607500  612912  )  7  0  5  9  2.0  0  0  (  .115 
2704  612912 

IYO    61°2  930080 

5  612912 

1350   612912  3171680 

2  3064560 


1352  107120 

2 

I  3  5  4 
8-6 
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7 

4  9 
9  8 

14 

7 

14700 
424 

210 
2 
212 

15124 

.3  7  3'24  8  =  .72.  Ans. 
343 


30248 
30248 


(58) 

1 

1 

2 
1 

1 

2 

-f  2.0  0  O'O  0  O'O  0  0  =  1.259921+.  Ans. 
1 

300 
64 

1000 

728 

30 

2 

364 
68 

272000 
225125 

32 

2 

43200 

1825 

46875000 
42491979 

34 
2 

45025 
1850 

4755243)  4  3  8  3  0  2  1.0  0  0  (.9217  or.  922- 

42797187 

360 
5 

4687500 
33831 

10330230 
9510486 

365 
5 

4721331 
33912 

8197440 
4755243 

370 
5 

4755243 

34421970 

3750 
9 

3759 
9 

3768 

This  example  shows  what  a  great  saving-  of  figures  is 
effected  by  using  the  short  method.  The  figures  obtained 
by  the  division  are  9,217,  thus  making  the  last  figures  of 
the  answer  922,  according  to  Art.  91.  This  is  not  cor- 
rect in  this  case,  the  true  answer,  to  eight  decimal  places, 
being  1.25992104-f-;  hence,  the  first  three  figures  found  by 
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division  should  be  used  in  this  case.  The  reason  for  the 
apparent  failure  of  the  method,  in  this  case,  to  give  the 
seventh  figure  of  the  root  correctly,  is  because  the  fifth 
figure  (the  first  obtained  by  division)  is  9.  Whenever 
the  first  figure  obtained  by  division  is  8  or  9,  it  is  bet- 
ter to  carry  the  root  process  one  place  further,  before  apply- 
ing Art.  91,  if  it  is  desired  to  obtain  absolutely  correct 
results. 


V\lft  5  8.4  1  6'7  4  3  =  12.07.     Ans. 
1 

758 
728 


(59)  (a) 

1 

1 

1 

2 

2 

300 

1 

64 

30 

364 

2 

68 

32 

432 

0000 

2 

2 

5249 

34 

434 

5249 

2 

3600 

7 

30416743 
30416743 


3607 


1  V\'\  9  I'O  1  6  =  106.  Ans. 

1         2  i 


30000         191016 

1 1836        191016 

300      31836 

6 
306 

(0  #&  =  n  =  ^  =  i  Ans. 


-  Ans- 
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(60)  1  1  ^3.0  0  O'O  0  O'O  00  =  1.442250-.  Ans. 

1  2_          1 

2  300         2000 
1  136          1744 


436  256000 

4    152  241984 


34    58800          14016000 
4      1696          12458888 


38  60496  6238092  )1557112.000(  .2496  or  .250- 

4  1712           12476184 

420  6220800          30949360 

4  8644          24952368 


424  6229444  59969920 
4  8648  56142828 

428  6238092  3827092 
4 


4324 


(61)   (a)             (V) 

1   \ 
1 

/I  '2  3.2  1  =  11.1.  Ans. 
1 

1 
1 

4/ri  4.9 

1 

21  0  =  10. 

72+. 
Ans. 

0203. 
Ans. 

20 
1 

23 
2  1 

200 

7 

149 
144 

2 

9 

21 

1 

221 

221 

207 
7 

4 
4 

310 
284 

220 
1 

221 

w 

7 

t  7 

140 
0 

214 

214 

(d) 

2 

2 

0 

2 

2 

26 

1/5  0'2  G'8  1  =  709. 
4  9         Ans. 

t/.O  O'O  4' 
00 

1  2'0  9  =  . 

12681 
12681 

400 
3 

04 
4 

140 
140 

0 
9 
"9 

403 

1209 
1209 
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(62) 

1 
1 

2 
1 

3  0 

8 

3  8 

8 

w 

1 

2 

;  .  18663—.  Ans. 
0  (.627  or.  63- 

^.0  0  6'5  0  O'O  0  0  = 
1 

300 
304 

5500 
4832 

604 

368 

668000 
602856 

97200 
3276 

103788)  6  5  1  44.0 
622728 

4  6 

8 

100476 
3312 

28712 
20757 

0 
6 

540 

6 

103788 

4 

8 
1200 
469 

7954 

4 

.2759-.  Ana 
.89  or  .9— 

546 
6 
552 

(*) 

2 

2 
4 

2 

^.02  I'OOO'OO  0  = 

8 

13000 
11683 

6  0 

7 

1669 
518 

1317000 
1113875 

6  7 

7 

218700 
4075 

226875  )  2  0  3  1  2  5.0  ( 
1815000 

74 
7 

222775 
4100 

216250 

810 
5 

226875 

815 
5 
820 

42 

ft 

2 

4 

2 

4 

4 

8 

12000000 
18009 

6000 

12018009 

3 

6003 

1 

1 

1 

2 

2 

300 

1 

216 

3  0 

516 

6 

36 

w 

2 

4 

2 

8 

4 

1200 

2 

325 

6  0 

1525 

5 

350 

6  5 

187500 

5 

5299 

7  0 

192799 

5 

5348 

750 

198147 

7 

757 

7 

764 
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8'0  3  6'0  5  4'0  2  7  =  2,003.  Ans. 

8 

036054027 
36054027 


.0  0  O'O  0  4'0  9  6  =  .016.  Ans. 
000 


^1  7.0  0  O'O  00  =  2.5713-.  Ans. 
8 

9000 

7625 

1375000 
1349593 

198147  )  2  5  4  0  7.0  0  (  .128  or  .13- 
198147 

559230 
396294 

162936 
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(03)  (a)  In  this  example,  the  index  is  4,  and  equals  2  X  2. 
The  root  indicated  is  the  fourth  root,  hence  the  square  root 
must  be  extracted  twice.  Thus,  ty  —  V  of  the  V  and 

=  9.     Ans. 


1/81  =  9.     Ans. 


160 
1 

161 


(b)     In  this  example  the  index  is  6,  and  6  equals  3  X  2  or 
2x3.     The  root  indicated  is  the  sixth  root;  hence,  extract 
both  the  square  and  the  cube  roots,  it  making  no  particular 
difference  as  to  which  root  is  extracted  first.     Thus,    ty 
—  %~~  of  the  V     ,  or  \T~  of  the 


Hence,      f  117,049  =  *Vll7,649  =  ^343  =  7.     Ans. 


3 
3 

60 
4 

64 
4 


Vl  1'7  6'4  9  =  343 
9 

276 
256 


f  3  4  3  .=  7.  Ans. 


2049 
2  0.4  9 


680 
3 

683 


(c)  V.  000064  =  ^V.  000064  =  .2.  Ans. 
V.  000064  =  .008. 


':=  .2.     Hence,    f. 000034  ~  ,2. 

Ans. 


44 
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(d)     f|  =  ?     f  =  .375,  since  8)3.000 

.375 


7 

7 

14     1 

7 

4 

98 

Y.3  7  S'000'000 
343 

=  .72112+. 
Ans. 

4700 
424 

32000 
30248 

210    1 
2 

5124 

428 

1752000 
1557361 

212    1 

2 

555200  1559523  )  1  9  4  6  3  9 
2161         155952 

,00  (.124  or.  12+ 
3 

214    1 

557361 

38686 

7  0 

2  . 

2162 

31190 

46 

2160   1 

559523 

7496 

24 

1 

2161 

1 

2162 

Hence,  4 

*f  =  .72112+. 

Ans. 

(64) 


7 
7 

140 

4 

144 


4/1    99^ 

4/TT2T  _  J_£»f*f 

3 
3 

4/1  2'2  5 
9 

=  35 

"  f  6,476' 

6  0 

325 

5 

325 

6  5 

'5  4'7  6  =  74 

Hence,  \f\ 

HI  =  M. 

Ans. 

49 

576 

576 
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5   4/.3  3'6  4  : 
5    25 

=  .58.  3    V.I  O'O  O'O  O'O  0  =  .31623-. 
Ans.  3       9               Ans. 

100    864 
8    864 

60     100. 
1       61 

108 

(d)  25.0|  = 
5 
5 

61       3900 
1       3756 

620   632  )  1  4  40  0  (.227  or  .23- 
6       1264 

626        1760 
6        1264 

632         496 
25.075. 

4/2  5.0  7'5  O'O  O'O  O'O  0  =  5.00749+.   Ans, 

2  5 

10000 
7 

075000 
70049 

10007 

7 

495100 

400576 

100140 

4 

9452400 
9013401 

100144 
4 

438999 

1001480 
9 

1001489 

(e)     .000|  =  .0004444444-1-. 


V.O  O'O  4X4  4X4  474  4  =  .02108+.     Ans. 
00 

04 
4 

44 

41 

34444 
33664 

780 
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(65)     (a)    * 
1 
1 
20 
4 
24 
4 

280 
1 

281 
1 

2820 
4 

^2  =    V  V%- 

i/2.0  O'O  O'O  O'O  0  =  1.41421356+ 
1 

100 
96 

400 

281 

11900 
11296 

60400 
56564 

28284)  3  8  3  6.0  0  0  0  (.13562  or  .1356+ 

28284 

2824 
4 

100760 

84852 

28280 
2 

159080 
141420 

28282 
2 

176600 
169704 

28284 

1 
1 

20 

1 

21 

1 

220 

8 

6896 

Vl.41'42'13'56  =  1.1892+   Ans. 
1 

41 
21 

2042 
1824 

21813 
21321                It  is  required  in  this  prob- 

228 
8 

2360 
9 

49256      lem  to  extract   the   fourth 
47564       root    of    2     to    4    decimal 

1692       places  ;  hence,  we  must  ex- 
tract the  square  root  twice, 
since  ty~  —  \T~  of  the  \/~. 
In  the  first  operation,  we  carry  the  root  to  8 
decimal  places  in  order  to  carry  the  root  in 
the  second  operation  to  4  decimal  places. 

2369 
9 

23780 

2 

23782 
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4/6.0  O'OO'OO'OO'OO  =  2.4494897428+ 


200 
176 


2400 
1936 


46400 
44001 
239900 
195936 
4396400 
3919104 


489896  )477296.00000(.  974280  or  .  97428+ 
440906  4 
3638960 

3429272 


48984  2096880 

4  1959584 

489880  1372960 

8  979792 


489888  3931680 

8  3919168 


489896  12512 


It  is  required  in  this  problem  to  find  the  sixth  root  of  6; 
hence,  it  is  necessary  to  extract  both  the  square  and  cube 
roots  in  succession,  since  the  index,  6,  equals  2x3  or  3  X  2. 
It  makes  no  particular  difference  as  to  which  root  we 
extract  first,  but  it  will  be  more  convenient  to  extract  the 
square  root  first.  The  result  has  been  carried  to  10  decimal 
places;  since  the  answer  requires  but  5  decimal  places,  the 
remaining  decimals  will  not  affect  the  cube  root  in  the  fifth 
decimal  place,  as  the  student  can  see  for  himself  if  he  will 
continue  the  operation. 


48  ARITHMETIC. 


1 

1 

1^2.4  4  9  '4  8  97  4  2'8  0  0  =  1.34801-. 

1 

2 

1                     Ans 

2 

300 

1449 

1 

9  9 

1197 

30 

399 

252489 

3 

108 

209104 

33 

50700 

43385742 

3 

1576 

43352192 

3  6 
3 

52276 
1592 

5451312)  3355  0.0  0  0  (.006  or  .01— 

'32707872 

390 

5386800 

842128 

4 

32224 

394 

5419024 

4 

32288 

398 

5451312 

4 

4020 

8 

4028 

8 

4036 

(66)     (a) 


f3.14'l  6  =  1.7725-.     Ans. 

2~0  ~^l 

—  1  89 

27  2516. 

JL_  2429 

340 


354)  8  7.00  (.245+  or  .25- 
347 


1  708 


354 
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(b) 

8 

V.  7  8'5  4'0  0  =  .8862+.  Ans. 

8 

6  4 

160 

1454 

8 

1344 

168 

11000 

8 

10596 

1760 

1772  )   4  0  4.0  (  .22  or  .2+ 

6 

3544 

1766 

496' 

6 

1772 

(67) 

(a) 

1 

1 

f/3.1  4  1'6  0  O'O  0  0  =  1.4646—. 

1 

2 

1                   Ans. 

2 

300 

2141 

1 

136 

1744 

3  0 

436 

397600 

4 

152 

368136 

34 

58800 

29464000 

4 

2556 

25649344 

3  8 

61356 

6429888  )  3  8  1  4  6  5  6.0  (  .59  or  .6— 

4 

2592 

32149440 

420 

6394800 

5997120 

6 

17536 

426 

6412336 

6 

17552 

432 

6429888 

6 

4380 

4 

4384 

4 

4388 
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_____  _ 

^.5  2  3'6  0  O'O  0  0  =  .80599  -f  or 

_J?     1  2  8  _       512  _  .8060-.  Ans. 
10     1920000        11000000 
__§  _     12025         9660125 
2400  1932025   1944975)  1  9  3  9  8  7  5.0  0  (  .99 
5     12050          17496675 


1944075  19020750 

17496675 


(68)     1 1. 7  : 13  : :  20  :  x.  The  product  of  the  means 

11.7*  =  13  X  20  is  equal  to  the  product  of  the 

11.7*  =  260  extremes. 

260. 

IT7  )  2  6  0.0  0  0  (  22.22+.     Ans. 
234 

260 
234 

260 

234 


260 

234 

2G 

(69)     (a)  20  +  7:10  +  S::3:*. 
27: 18::  3:*. 
27*  =  18X3 
27*  =  54 

x  =  ff  =  2.     Ans. 

(b)     (12)2:(100)2::4:*. 
144: 10, 000::  4:* 
144*  =  10,000X4 
144*  =  40,000 
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_  40,000 

144   )  4  0  0  0  0.0  (  277.7+.     Ans. 
288 
1120 
1008 


1120 
1008 

1120 

1008 
112 

(70)     (a)  -  =  2T  is  eqiiivalent  to  4  :  * ::  7  : 21.     The  prod- 

jC 

uct  of  the  means  equals  the  product  of  the  extremes.     Hence, 

7*  =  4x21 

7*  =  84 
x  =  &f-  or  12.     Ans. 

(b)     In  like  manner, 

x 

^-r  .=  T8g-  is  equivalent  to  x :  24 ::  8 : 160 

16*  =  24X8 
16*  =  192 

=  12.     Ans. 


T¥  =  TT  is  equivalent  to  2  :  10  ::  x  :  100. 

1UU 


=   2  X  100 

10*  =  200 

x  =     °    •=  20.     Ans. 


J|.  —  —  is  equivalent  to  (?)  T£G  =  ^7:  is  equivalent  to 
x  bOO 

15:45::60:^r.  10:  150  \\x\  600. 

15*  =  45X60  150*  =  10X600 

15*  =  2,700  150*  =  6,000 


15  Ans.  Ans. 
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(71)  *:  5::  27: 12.5.  (72)   45:60::*:24. 

5  .  60*  =  45  X  24 

12.5  )  1  3  5.0  (  10f.  Ans.  60*  =  1,080 

125  1,080  _ 

i£o  „.  4  so        18'Ans> 


(73)    *:35::4:7.  (74)    9:*::6:24< 

7*  =  35X4  6*  =  9X24 

7*  =  140  6*  =  216 

*  =  ifo  _  20.  Ans.                 *  =  2. IB.  _ 


(75) 


fT,  000  :f  1,331::  27:*. 

fl,()00 

=  10. 

10:11  ::27:*. 

1/1,331 

=  11. 

10*  =  297                   i 

1 

1'331  (11 

*  =  2_y-  =  29.  7.     1 

2 

1 

Ans.       2 

300 

331 

1 

31 

331 

30 

331 

1 

31 

(76)  64:81::212:*2. 

Extracting  the  square  root  of  each  term  of  any  proportion 
does  not  change  its  value,  so  we  find  that  4/64 :  4/8T : :  4/2T2 : 
4/*3  is  the  same  as 

8:9::21:*. 
8*  =  189 
*  ==  23.625.     Ans. 

(77)  7  +  8 :  7  : :  30 :  *  is  equivalent  to 

15:  7::  30:*. 
15*  =  7X30 
15*  =  210 
*  =  Mr0-  =  14.     Ans. 
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(78)  2  ft.  5  in.  =  29  in. ;  2  ft.  7  in.  =  31  in.     Stating  as  a 
direct  proportion,  29  :  31  =  2,480  :  x.     Now,  it  is  easy  to  see 
that  x  will  be  greater  than  2,480.     But  x  should  be  less  than 
2,480,  since  when  a  man  lengthens  his  steps,  the  number  of 
steps  required  for  the  same  distance  is  less ;   hence,  the  pro- 
portion is  an  inverse  one,  and 

29:31  =  •*:  2,480, 
or  31  x  =  71,920; 

whence,  x  =  71,920-^-31  =  2,320  steps.     Ans. 

(79)  This  is  evidently   a  direct  proportion.      1   hr.    36 
min.  =  96  min.  ;  15  hr.  =  900  min.     Hence, 

96  :  900  =  12  :  *, 
or  96*  =  10,800; 

whence,  x  —  10,800-^-96  =  112.5  mi.     Ans. 

(80)  This  is  also  a  direct  proportion ;  hence, 

27.63:29.4  =  .76:*, 

or  27.63*  =  29. 4  X.  76  =  22.344; 

whence,  x  —  22. 344  +  27. 63  =  .808+ Ib.     Ans. 

(81)  2  gal.   3  qt.   1  pt.  =  23  pt. ;    5  gal.  3  qt.   =  46  pt. 

Hence,  23  : 46  =  5  :  x, 

or  23*  =  46X5  =  230; 

whence,  *  =  230  -4-  23  =  10  days.     Ans. 

(82)  Stating  as  a  direct   proportion,  and   squaring  the 
distances,  as  directed  by   the   statement   of  the   example, 
62 : 122  =  24 :  *.     Inverting  the  second  couplet,  since  this  is 
an  inverse  proportion, 

62:122  =  *:24. 

Dividing  both  terms  of  the  first  couplet  (see  Art.  129} 
by  6, 

l«:2a  =  *:24;  or,  1:4  =  *:24; 
whence,         4*  =  24,  or  *  =  6  degrees.     Ans. 

8-7 
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(83)     Taking  the  dimensions  as  the  causes, 


,*•» 


x,  whence,  2*  =  75,  or  x  =  $37.50.    Ans. 


(84)  2  hr.  =  120  min. ;  14  hr.  28  min.  =  868  min.   Hence, 

120:868  =  100:*, 
or  120*  =  86,800; 

whence,  *  =  723^  gal.     Ans. 

(85)  Taking  the  dimensions  as  the  causes, 
14       % 

%  =  tfffi     *,  whence,  14*  =  17x399  =  6,783, 

JjZ     17       399  or  *  =  4841  bbl.     Ans. 

?P        t 

(86)  8  hr.  40  min.  =  520  min.     Hence, 

444:1,060  =  520:*, 
130 
OT,  =  1.060  X0»  =  137^00  •     1)241  M_f  m{n  =  2Q  hr 


41.44+  min.     Ans. 

(87)  1  min.  =  60  sec.     Hence, 

51:60  =  6,160:*, 

60X6,160  =t 
5.5 

(88)  Writing    the    statement    as    a    direct    proportion, 
8 : 10  =  5  :  *,  it  is  easy  to  see  that  *  will  be  greater  than  5 ; 
but,  it  should  be  smaller,  since  by  working  longer  hours, 
fewer  men  will  be  required  to  do  the  same  work.     Hence, 
the  proportion  is  inverse.     Inverting  the  second  couplet, 

8:10  =  x:  5, 
4 


or  *  =  ----  4  men.     Ans. 
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(89)     Taking  the  times  as  the  causes, 
14 


n 

2 


X 


whence,    3;r  =  2x14  =  28,    or    x 
=  9£  hr.     Ans. 


(90)  Taking  the  horsepowers  as  the  effects,  we  have  for 
the  known  causes  in  example  4,  Art.  168,  142,  500,  and  48, 
and  for  the  known  effect  112  horsepower.  Hence, 

9 


H 


142 

500 

48 


302 

660  =  112 

42 


x,  or 


m 

22 


=  m 


whence,  x  =  9x22x3  =  594  horsepower.     Ans. 

(91)  First  find  the  volume  of  the  cylinder  in  cubic  inches, 
as  in  the  example,  Art.  164.  The  volume,  multiplied  by 
the  weight  of  1  cubic  inch  (.2G1  Ib.)  will  evidently  be  the 
weight  of  the  cylinder.  Hence, 


20 


122. 
60 


100    144 
=  1,570.8    *,.or  3    =  1,570.8    x\ 

•ffl     W 

144X3X1,570.8 

whence,  x  —  -  -  =  1,771.11  Ib.     Ans. 

1  Uu 

(92)     Referring  to  the  example  in  Art.  167, 


15 

202 
10 


whence,  x  =  324X**187  =  484.7  Ib.     Ans. 
500 


5 
is. 

I 

40 

JLfJ 

100 

w 

182  =  187 

x,  or  $5jJ 

324 

=  187 

12 

4 

19 

n 

1 

ELEMENTARY  ALGEBRA 

AND 

TRIGONOMETRIC  FUNCTIONS. 


(1)  See  "Art.  99. 

(2)  (a)  3x  -f-  G  —  2x  =  Ix.     Transposing-  6  to  the  second 
member,  and  1x  to  the  first  member  (Art.  143), 

3*  -2*  -7*  =  -6. 
Combining  like  terms,       —  $x  —  —  6; 
whence,  x  =  1.     Ans. 

(b)  5x  -(3*  -7)  =  '4*  -(6*  -35). 

Removing  the  parenthesis  (Art.  5O), 

5*  -3*  +  7  =  4^-6^  +  35. 

Transposing  7  to  the  second  member,  and  kx  and  —  Gx  to 
the  first  member, 

5x-Zx-±x  +  bx  =  35-7.      (Art.  143.) 
Combining  like  terms,  4x  =  28; 
whence,  x  —  28  -s-  4  =  7.     Ans. 


Performing  the  operations  indicated,  the  equation  becomes 


Transposing,  x"1  —  x*  -{-  Wx  -{-  Sx  —  2lx  =  16  —  25. 
Combining  like  terms,  —  3x  =  —  9. 

Dividing  by  —  3,  x  =.  3. 

§3 
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(3) 

3 -  a1  -2a-  l)2afi - 4«5  - 5^4  +  3rt3  +  10;r  +  la  +  2(2a» - 2a~  -  3a  - 2. 
2a«-2as>-4at-2a3  Ans. 


(4)     (a)     2  +  4rf  —  5^2  —  C 


28^4-35rt5-42^R.     Ans.      (Art.  61.) 
(b)     4.r2  -  4/2  +  6^2 


.     Ans. 


18<?£  +  30tf*r  —  VZad.     Ans. 

(5)     Let  x  =  number  of  miles  he  traveled  per  hour. 

48 
Then,          —  =  time  it  took  him. 

— — -  =  time  it  would  take  him  if  he  traveled  4  miles 


more  per  hour. 

In   the  latter  case   the   time  would  have   been   6   hours 
hence,  the  equation 

T  =  6. 


Clearing  of   fractions,  48  =  G(>-f  4). 

Dividing  by  6,  8  -  .r-f  4. 

Transposing,  8  —  4  =  x. 

x  —  4.     Ans. 

(0)  The  square  root  of  the  fraction  a  plus  b  plus  c  over  ;/, 
plus  the  square  root  of  a,  plus  the  fraction  b  plus  c  over  ;/, 
plus  the  square  root  of  the  quantity  a  plus  b,  plus  the  frac- 
tion c  over  ;/,  plus  the  parenthesis  a  plus  £,  times  ^,  plus  <? 
plus  be. 
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(7)  (a)  Writing  the  work  as  follows,  and  canceling  com- 
mon factors  in  both  numerator  and  denominator  (Arts.  113 
and  114),  we  have 


X          X 


8/y 
_  9  X  5  X  24  X  ///'  X  n*  X/2  X  q  X  x*  X^2  _  Zmnxy 

8  X  2  X  90  X  m  X  ;/  X/3  X  q*  X  x  X  y  ±pq* 

(b)     This  problem  may  be  written  as  follows,  according 

to  Art.  97, 

3^  +  4     _  0*  __ 

~T~    X  a($ax  +  4)  (3rt.r  +  4)' 
Canceling  a  and  (3^r  +  4),  we  have  ^^      ^.     Ans. 

(8)     See  Arts.  17O  and  171. 

Sin  17°  28'  =  .30015. 
Sin  17°  27'  =  .29987. 
30015—29987  =  28,  difference  for  1'. 
28X|J  =  17,  difference  for  37". 
29987  +  17  =  30004. 
Hence,  locating  the  decimal  point, 
Sin  17°  27'  37"  =  .30004. 
Cos  17°  277  =  .95398. 
Cos  17°  28r  =  .95389. 
95398  —  95389  =  9,  difference  for  I'. 
9  x  3  7  _  6>  difference  for  37". 
95398-6  =  95392. 
Hence,        Cos  17°  27'  37"  =  .95392. 

Tan  17°  28'  =  .31466. 
Tan  17°  27'  =  .31434. 
31466  —  31434  =  32,  difference  for  1'. 
32X|J  =  20,  difference  for  37". 
31434  +  20  =  31454. 
Hence,        Tan  17°  27'  37"  =  .31454. 
Sin  17°  27'  37"  =  .30004.  ] 
Cos  17°  27'  37"  =  ,95392.   \  Ans. 
Tan  17°  27'  37"  =  .31454.  J 
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(9)  Let  x  —  the  capacity. 

Then,  x  —  42  =  amount  held  at  first. 

7(,r-42)  =  x. 
7-r  —  294  =  x. 
§x  =  294. 
x  =  49  gallons.     Ans. 


/i  n\     f  (a  +  &)-\-cd       ac  -\-bc-\-  cd 

<10)          (a4b)c  ac  +  bc     •     Cancehng,,  wluchis 


common  to  each  term,  we  have  —  —  —  3^-  =  1  -I  --  r.    Ans. 

* 


(11)  The  solution  is  exactly  similar  to  that  of  example  8 
preceding. 

Sin    of  63°  4'  51.8*  =     .89165.  ] 
Cos   of  63°  4'  51.8"  =     .45274.  [Ans. 
Tan  of  63°  4'  51.8"  =  1.96949.  J 

(12)  (c'*)-*  =  c"\     Ans. 


,  or  l^  or  r     5-     Ans.     (Art.  133.) 

2-3.tr  ,   16^-^2 
2  —  x  ~  %-\-x  ~T~    x*  —  ±  '  denominator  of 

the  third  fraction  were  written  4  —  ;r2,  instead  of  .r2  —  4,  the 
common  denominator  would  then  be  4  —  x*. 


A        oo       -   —  -      , 
By  Art  99,       2  becomes  - 


—     .  — 

Hence,  —  ---  —  ---  -  --  —  ,  when  reduced  to  a  com- 

/*  —  4^  /v  ~j~  Jf  4  —  X 

mon  denominator,  becomes 

(3  +  %x)  (2  +  ^)  -  (2  -  3*)  (2  -  x)  -  (16*  -  .r2) 

4-4T3 

_  (6  +  Ix  +  2;r2)  -  (4  -  8*  +  3;ra)  -  (16*  -  .r2) 
4-;tra 
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Removing  the  parentheses  (Art.  5O),  we  have 
6  +  1*  +  2-r2  -  4  +  8*  -  3x*  -  16*  +  x* 

4-** 
Combining  like  terms  in  the  numerator,  we  have 


Factoring  the  denominator  (Art.  91),  we  have 


Canceling  the  common  factor  (2  —  ^),  the  result  is  equal  to 
,  or  — j— •     Ans.     (Art.  24.) 


*  * 


Arranging  the  terms,  we  have 
«2      ac      ^2         ^2 


-  c'       a°c 
which,  by  the  use  of  parentheses,  becomes 

*+*+,.    xg 


By  Art.  86,  we  know  that  a?  —  %ab  +  b*  and  a*  — 
are  perfect  squares,  and  maybe  written  (a  — by  and  (a  —  ^)2. 

Factoring  a*c  +a*c*  +  ac3  by  Case  I,  Art.  84,  we  have 


(a  -  Pf  -  c*     ac(a*  +  ac  +  r2) 

(a  —  c  —  b)  (a  —  c  +  b] 


X 


"  (a-b-c)(a-b  + 

(Art.  91.) 

Canceling  common  factors  and  multiplying,  we  have 


a  —  c  +  b  a-\-b  —  c          . 

-,  or  -        —  T-T-T.     Ans. 


(a  —  b  -f-  c}ac'       ac(a  —  b  -j- 

(15)     If  none  of  the  terms  is  similar,  the  subtraction  of 
one  expression  from  another  may  be  represented  only  by 
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connecting  the  subtrahend  with  the  minuend  by  means  of 
the  sign  —  .  Thus,  if  it  is  required  to  subtract  5a*b  —  7<?2#' 
+  5ab*  from  a*  —  b\  the  result  will  be  represented  by  a"  —  b* 
—  (5a*&  —  1  a?  b*  -\-5ab*),  which,  on  removing  the  parenthesis 
(Art.  5O),  becomes  a'  —  b*  —  5a3fr  -f-  7tf2£2  —  5ab\  From  this 
result  subtract  3tf4  —  ±a?b  +  6#  2£2  +  5ab3  —  3£4. 

a*  —    b*  —  §a*b  +  la*b'2  —   5rt£3     minuend. 

—  3«4  +  3<£4  +  ka*b  —  6rt'J<5>2  —    5a&3     subtrahend,  with  signs  changed. 
-2a*  +  2&*-   a*6+   a^^-lOa^    remainder.  (Art.  47.) 

Or,  -  2a*  —  a*b  +  a*b*  —  Wad3  -f  2£4.  Ans.  arranged  accord- 
ing to  the  decreasing  powers  of  a. 

(10)  .27038  =  sin  15°  41X  12.  9".         (Art.  174.) 

.27038  =  cos  74°  187  47.1". 
2.27038  =  tan  06°  13'  43.2". 

(17)  (a)  If  the  work  done  on  a  piston  by  the  confined 
gases  be   considered  positive,  then   the  work  done   by  the 
piston  in  pushing  the  gas  out  of  the  exhaust  port  may  be 
considered  negative. 

(b)  While  in  arithmetic  we  can  add  and  subtract  only 
positive  quantities,  in  algebra  we  can  perform  these  opera- 
tions on  both  positive  and  negative  quantities. 

(18)  (a)  The  value  of  a*  is  1.     (Art.  71.) 
(b)    -—  =  a.     Ans.     (Art.  133.) 

(1»)     --"=.     Ans.     (Art.  99.) 
- 


(20)  (a)  By  Art.  98,  the  reciprocal  of  ff  =  l  +  H 
=  IX  ft  =  |f.  Ans. 

(b)  Since,  by  Art.  98,  a  number  may  be  found  from 
its  reciprocal  by  dividing  1  by  the  reciprocal,  the  num- 
ber =  1-^-700  =  .OOlif  Ans. 


(21)     (a)  ?>a- 

2/z  —  8&—   c    becomes     —  %a  -\-  8b  -f   c 
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when  the  signs  of  the  subtrahend  are  changed.  Now, 
adding  each  term  (with  its  sign  changed)  in  the  subtrahend 
to  its  corresponding  term  in  the  minuend,  we  have  (  —  2a) 
+  (3a)  ==  a\  (  +  80)  +  (-20)  =  +  6£;  (  +  <r)  + 
Hence,  <?  -f-  6#  -[-  4<;  equals  the  difference.  Ans. 


2.t-3  -  3.i-y  +  2.ij3  2x3 

+J/3  -  .rya     becomes       •    -?3 


when  the  signs  of  the  subtrahend  are  changed.  Add- 
ing each  term  in  the  subtrahend  (with  its  sign  changed) 
to  its  •  corresponding  term  in  the  minuend,  we  have 
.r3  —  3*y  +  2,rj/3  —  j/3  +  ,i'j2,  which,  arranged  according  to  the 
decreasing  powers  of  x,  equals  x*  —  -  'Sx^y  -f-  xy*  -\-  *%xy*  —  y*. 

Ans. 

(c)  Ua  +  4^  -  Gc  -  3d 


On  changing  the  sign  of  each  term  in  the  subtrahend,  the 
problem  becomes 


Adding  each  term  of  the  subtrahend  (with  the  sign 
changed)  to  its  corresponding  term  in  the  minuend,  the 
difference,  or  result,  is  3a-\-  bb  —  lQc-\-d.  Ans. 

(22)  The  numerical  values  of  the  following,  when 
a  =  1C,  b  —  10,  and  x  —  5,  are: 


(a)     (ab 

It  must  be  remembered  that  when  no  sign  is  expressed 
between  symbols  or  quantities,  the  sign  of  multiplication  is 
understood. 

(1GX100X5+2X16X10X5)XG4  =  (8,000  +  1,600)  X  04 
=  9,600x64  =  614,400.      Ans. 
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<*> 


.:=.   An, 


(f)  (0  -  1/fl)  (.r3  -  £2)  (tf2  -  £2)  =  (10  -  4/T6)  X  (53  -  1C2) 
X(162-102)  =  (10-4)  (125-100)  (256-100)  =  0X25X156 
=  23,400.  Ans. 

(23)    ,(a)       kxyz  The    sum   of   the   coefficients 

—  %xyz  of  the  positive  terms  we  find  to 
-  Sxyz  be  +  13,    since    (  +  3)  +  (  +  6) 

teyz  +(  +  4)  =  (  +  13). 

—  §xyz  When  no  sign  is  given  before 

a    quantity,    the   -f-    sign    must 


—  kxyz.     Ans.     always  be  understood.    The  sum 
of  the  coefficients  of  the  nega- 

tive terms  we  find  to  be  —17,  since  (-  9)  +  (-  5)  +  (-3) 
=  (  —  17).  Subtracting  the  lesser  sum  from  the  greater  and 
prefixing  the  sign  of  the  greater  sum  (  —  )  (Art.  39,  rule  II), 
we  have  (  +  13)  +  (  —  17)  =  —  4.  Since  the  terms  are  all 
alike,  we  have  only  to  annex  the  common  symbols  xyz  to  —  4, 
thereby  obtaining  —  kxyz  for  the  result,  or  sum. 

(b)       3rt2  -f    %ab  +    4£2  When  adding  polynomi- 

5<72  —    8#  £  +      b*  als,  always  place  like  terms 

_<72_j_    §ab-      b*  under   each    other.      (Art. 

46.) 

The   coefficient  of  a*  in 


5£2.     Ans     the  result  will  be  39,  since 
(  +  14)  +  (+  18)  +  (-l) 

+  (  +  5)  +  (  +  3)  —  39.  When  the  coefficient  of  a  term  is 
not  written,  1  is  always  understood  to  be  its  coefficient. 
(Art.  1C.)  The  coefficient  of  ab  will  be  -24,  since  (-3) 
4.  (  _  20)  +  (  +  5)  +  (  -  8)  +  (  +  2)  =  -  24.  The  coefficient 
of  ^willbe(  +  20)  +  (-19)  +  (-l)  +  (  +  l)  +  (  +  4)  =  +5. 
Hence,  the  result,  or  sum,  is  39^2  —  24#  £  +  5£2. 
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(c)  ±mn  +  3ab  —  4c 

kab          -f  3.r  -f  3;//2  —  4/ 
Gmn—   ab  —  kc      Zx      '&tf-k.     Ans. 


(24)     (a)  See  Art.  13. 

($)  In  multiplication,  coefficients  are  multiplied,  and 
exponents  are  added.  In  division  the  coefficients  of  the 
dividend  are  divided  by  those  of  the  divisor,  and  the  expo- 
nents of  the  divisor  are  subtracted  from  those  of  the  dividend. 
See  rules  of  multiplication  and  division. 

(c)     See  Art.  55. 


(25)     Now  the  side  B  C  =       A  i-  A  C 


or     B  C  =  t/17.092  -  y.75a  =  1/217.  873G  =  14  ft.  9  in. 
To  find  the  angle  B  A  C,  we  have 

.   (Art.  163.) 


.55115  =  cos  50°  33r  15". 

Angle  A  B  C  =  90°-  angle  BA  C,   or  90°  -  56°  33r 
=s  33°  26'  45". 

Side  B  C  =  14  ft.  9  in.         -i 
Angle  BA  C  =  56°  33r  15".   I  Ans. 
Angle  ABC=  33°  26X  45".  j 


When  the  denominators  contain  both  simple  and  com- 
pound expressions,  it  is  best  to  remove  the  simple  expres- 
sions first,  and  then  remove  each  compound  expression  in 
order.  Then,  after  each  multiplication,  the  result  should  be 
reduced  to  the  simplest  form. 

Multiplying  both  sides  by  36, 


_  432 

or  -  =  20. 

—  4 
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Clearing  of  fractions, 

144*  -432  =  10CU-  — 80. 
Transposing  and  combining, 

44;r  =  352; 
whence,  x  =  8.     Ans. 

/M          •    3a  —  bx        1  , 

(?)    a* « =  „  becomes,  when  cleared  of  fractions, 

A  A 

^ax  —  Za  +  bx  =  1. 
Transposing  and  uniting  terms, 


Factoring,  (2/z  -f  b)x  —  30  -f- 1 ; 

whence,  x  =  -     — .  .   Ans. 

>•>  jv-  /v- 

(<r)     <?;//  —  /;  —  —  +  —  —  0  becomes,  when  cleared  of  frac- 
tions, 

abu?  —  ffm  —  ainx  -f-  bx  =  0. 
Transposing,     bx  —  amx  —  tfm  —  abuf. 
Factoring,         (b  —  am)x  =  bm(b  —  am); 

whence,  x  =     "^ _    ^^  =  bm.      Ans. 

(27)     (a)  a  square  jr  square,  plus  two  a  cube  /;  fifth,  minus 
the  parenthesis  a  plus  b. 

(b)  The  cube  root  of  x,  plus  j/  times  the  two-thirds  power 
of  the  parenthesis  a  minus  ;/  square. 

(c)  The   parenthesis  ;//  plus  ;/,  times  the  square  of  the 
parenthesis  m  minus  ?/,  times  the  parenthesis  in  minus  the 
fraction  ;/  over  two. 


(28)     (a)  ;  «         ^;;     ^  -  ^         ax. 

(b)  Since  the  terms  are  not  alike,  we  can  only  indicate  the 
sum,  connecting  the  terms  by  their  proper  signs.    (Art.  44.) 

(c)  Multiplication  :  ±ac*d  means  4  X  a  X  c*  x  d.     (Art.  9.) 


(29)     (a)  45,r7jIO 

2j:-8».     Ans.      (Art.  84.) 
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d*  =  (ab  +  cd)\     Aiis.     (Art.  87.) 


(c)     (a  +  bY  -  (c  -  dY  =  (a  +  6  +  c-d)   (a  +  b-c  +  d) 
Ans.     (Art.  91.) 

(30)     (a)  On  removing  the  vinculum,  we  have 
2rt  _.  <  3£  +  [4,  _  40  _(2fl  +  2£)]  +  [3rt  -£-<:]!.     (Art.  5O.) 
Removing  the  parenthesis, 

2a  -  {  3b  -f  \te  -  4^  -  2a  -  2£]  +  [3  a  -  b  -  c]  }  . 
Removing  the  brackets, 

2a  —  {  3d  +  4:C  —  ±a  —  2a  —  2/>  +  3tf  —  b  —  c  \  \. 
Removing  the  brace, 

2a  -  3d  -  4:c  -f  4^  +  2«  +  2£  -  3«  +  b  +  r. 
Combining  like  terms,  the  result  is  5a  —  3c.     Ans. 
(b)     Removing  the  parenthesis,  we  have 

la-  {3rt-[>i- 
Removing  the  brackets, 


Removing  the  brace, 


Combining  terms,  the  result  is  5a.     Ans. 
(c)     Removing  the  parenthesis,  we  have 

a  -  {  %b  +  [3c  -  Za  -  a  -  b}  +  [2a  -  b  -  c]  }  . 
Removing  the  brackets, 

a  —  |  %b  _}_  3c  -  3a  —  a  —  b  -f  2^  —  /;  —  c  \  -. 
Removing  the  brace, 


Combining  like  terms,  the  result  is  3a  —  2c.     Ans. 


(31)     The  hypotenuse  A  B  =  \^TC  -\-1TC    or 
AB  =  Vl  7.5"  +  21.3"  =  i/759.94  .=  27.57,  nearly,    Ans. 

Tan  A  =  ^  =  i^|  -  .82160.      (Art.  164.) 

.£)    O  /v  ,L  •  O 

.821GO  =  tan  39°  24/23*. 
Angled  =  39°  24r  23*.     Ans. 

Angled  =  90°  -angle  ^4  =  90°  -  39°  24'  23*  =  50°  35'  37". 

Ans. 
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(32)  /  = 


In  order  to  transform  this  formula  so  that  /2  may  stand 
alone  in  the  first  member,  we  must  first  clear  of  fractions. 
Performing  this  operation,  we  have 


Transposing,  we  have 

-WM,  = 

Factoring,  we  have 


Wnence,         /.  =  =  An, 


(33)  Let  x  =  the  part  of  the  work  which  they  all  can  do 
in  1  day  when  working  together. 

Then,  since  JL  =  &,         J  +  1  +  ^  «  4-; 

or,  clearing  of  fractions  and  adding, 

15  =  3(Xr,  and  x  =  J. 

Since  they  can  do  i  the  work  in  1  day,  they  can  do  all  the 
work  in  2  days.     Ans. 

(34)  (a)  1  1  i-f.r-i-f^ 


1  - 


24-  2  2^'        l-^'2 

;X  —  ^  —  =  x.      Ans. 


(Art.  127.) 


a      a-b  ~  a*b  —  b*a  — 


ab*  ab* 

ab* 


ab*  ab*  ~^^     %2  -a 

a  +  b      . 
=  —  —  .     Ans. 
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W       T^  =  — 3-;  -  8^3-     AnS- 

1  d  — ^         6x-\-6 


3-*  (Art. 


(35)  (<z)   Grt4£4  +  tf3£2-7 
(/;)     3  +  &*&:  +  a*l>*  -  7rt2 

(c)  I+ax  +  a*+2a*.  Written  like  this,  the  a  in  the 
second  term  is  understood  as  having1  1  for  an  exponent; 
hence,  if  we  represent  the  first  term  by  0°,  in  value  it  will 
be  equal  to  1,  since  a°  =  1.  Therefore,  1  should  be  written 
as  the  first  term  when  arranged  according  to  the  increasing 
powers  of  a. 

(36)  (a)  According  to  Art.  131,  x*  expressed  radically 

is  f-r5; 

expressed  radically  is  34/FjF5; 
=  3  Vxy-*z*>  since  z*  —  z*.     Ans. 

(b)     (See  Art.  133.)    ^V^  +  +  (;//-;/)-  - 


^         _1  __  ,       1  __  ^V 

:   a  ~^  c\a  +  by  m-n       b*  ' 

(c)        !fx*  —  x*.     Ans.  tylF*  =  x~*.     Ans. 

Ans. 


/•57\     (a\  %ax  +  x*  .       x      _  x($a  +  x)     a  —  x 
a*  —  x*        a  —  x  '        a3  —  x*  x 

(Art.  117.) 

Canceling  common  factors,  the  result  is  -^—r  —%.     Ans. 

a  -x  )  a3  -  x*(a*  +  ax  +  x* 
a3  —  cfx 
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(b)     Inverting  the  divisor  and  factoring,  we  have 

3;/(2;/*2;/-l)  (2;;/2;/  +  l)  (2;//a;/-l) 

tym'n  —  1)  (2;;/2;/  —  1)  X  3« 

Canceling  common  factors,  the  result  is  2;//a;/  +  l.     Ans. 
(')     9  +  *y__    *  +  (3  +  —  -)  simplified  gives 

•^     y      \      -^    y  i 


;ra—  j2  ;tr-—  7 

9^-2  _  4j/2  _£•  _  j/ 

Inverting1  the  divisor,  we  have  -  —  r,  -  4~  X  ^  —  r^—  •    Caiicel- 

x  —y  'lr  +  ^7 

ing  common  factors,  the  result  is—        —  .  Ans. 

(38)     (a)     2*3  +  2 
JT—  1 


2or4  -  4,r  +  2.      Ans. 

(b)       x*  — 


a 


—  4«2^r  -f-  rtr 

—  kcfx  +  ac.     Ans. 


Arranging  the  terms  according  to  the  decreasing  powers 
of  a,  we  have 

Ans. 


/t^-  jv-  _   /!/ 

(39)     (a]     --  1  ---  -.     If  the  denominator  of  the  second 

v  '     x—y     y—x 

fraction  were  written  x  —y,  instead  of  y  —  x,  then  x  —y  would 
be  the  common  denominator. 
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By  Art.  99,  the  signs  of  the  denominator  and  the  sign 

/i-  /i/  y  1 1 

before   the  fraction  -  — —  may  be  changed,  giving — . 

y  —  x  x —y 

We  now  have 

_*__*=y  =  *-*+y  =  ^_    Ans. 

x-y     x-y  x-y  x-y 

JV-2  j*  ,y. 

(b\     — -j —  — -  — .      If  we  write  the  denominator 

^  '     x*  —  1      x  -f-  1      1  —  x 

of  the  third  fraction  x  —  1  instead  of  1  —  JT,  x*  —  1  will  then 
be  the  common  denominator. 

By  Art.  99,  the  signs  of  the  denominator  and  the  sign 

before  the  fraction  may  be  changed,  thereby  giving  -    — -. 
We  now  have 


x'-l   '  x  +  \   '  x-l 

x^      x^-x      x^      x          3.r2 


Ans. 


,  -  —          - 

(c)       —  -  —  —  =  —    -  -j  --  —  -  when  reduced  to  a  com- 

{  O  1/0 

mon  denominator  we  have 

12(30  -  4£)  -  28(2^  -  b  +  c)  +  7(130  -  4g) 

84 
Expanding  the  terms  and  removing  the  parentheses,  we 


84 
Combining  like  terms  in  the  numerator,  we  have  as  the 

reSUlt'  Ua-Wb-Wc 


84  ' 

(40)     (a)  Factoring  each  expression  (Art.  87),  we  have 

(3^2  +  2/)2'. 
Ans. 


(b) 

(7rt2-ll£2)2.     Ans. 

/      l2.     Ans. 
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(-41)     (a)  Arrange  the  dividend  according  to  the  decreasing 
powers  of  x  and  divide.     Thus, 

%x-  1  )  9*3  +  3;t'2  +  x  -  1  (  3-r2  +  2,r  +  1.     Ans. 


6;r2 


a  -  b  )  a9  -  2ab*  +  £3  (  tf  2  +  rt/7  -  b\     Ans 


cfb-   atf 


(c)     Arranging  the  terms  of  the  dividend  according  to  the 
decreasing  powers  of  x^  we  have 

7*  -  3  )  7^3  -  24.r2  +  58^-  -  21  ( ^2  -  3*  +  7.     Ans. 


(42)  See  Arts.  3  and  4. 

(43)  (a) 

4*-4  -  ^  +  10^-4^  +  4  _  10^+^+4 


1  I  2* 

(Art. 

.     (Art. 


x  -\-  4 
^•  +  4)3^+ 


-  \0x  -  40 
41 
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(44)  The   angle  B  =  90°  -angle  A  =  90°  -05°  13'  29" 
=  24°  46'  31".     Ans. 

The  side  B  C  =  A  B  x  sin  A  =  5.5  yd.  X  sin  65°  13'  29" 
=  5.5  yd.  X.  90796  =  4.9938  yd.  (Art.  177.)  4.9938  yd. 
=  14  ft.  11  J  in.  Ans. 

Side  A  C  =  AfixcosA  =  5.5  yd.  X.  41906  =  2.3048  yd. 
=  6  ft.  11  in.,  nearly.  Ans. 

(45)  (a)    (*'  -  1)  -  (*•  +  1)  =  (x*  -  1)  (S  +  1)  +  (^  +  1) 
-  *•  —  1.     Ans.      (Art.  91.) 

(b)          *'  -  &iry  +y  =  (^-j/2)2.     (Art.  87.) 

(*•-/)  =  (x+y}(*-y}.    (Art  91.) 

Then  (x*-y*)*  =  (**-y*)  (x  +j)  (x—y).     Dividing  this 
latter  quantity  by  (x—y)  we  have  (x*  —  y*)  (x-\-y).     Ans. 
Note   that  x—y  is   a   factor   of    (x*  —  j2)2  and   hence   of 


Reducing  the  last  member  to  a  simpler  form,  the  equation 
becomes 


o 

Clearing  of  fractions  by  multiplying  each  term  of  both 
members  by  6,  the  common  denominator,  and  changing  the 
sign  of  each  term  of  the  numerator  of  the  second  fraction, 
since  it  is  preceded  by  the  minus  sign,  we  'have 

20^  +  6  —  18^  +  21  =  60;tr  —  60. 

Transposing  terms,  20^  —  18;tr  —  60.r  =  —  60  —  21  —  6. 
Combining  like  terms,  —  58.r  =  —  87. 

Changing  signs,  58;r  =  87  ; 

hence,  x  —  -§4-  =  IT-     Ans. 

'  O  o  Z 

(b)  (<?  +  x)*  =  x*  +  ±a*  +  a\ 

Performing  the  operation  indicated  in  the  first  member, 
the  equation  becomes 
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Canceling  a"  and  x*  (Art.  144), 
%a*x  =  ±a\ 
Dividing  by  2<?2,  x  =  2.     Ans. 


Clearing  of  fractions,  the  equation  becomes 

(x  -  1)  (x  +  2)  -  (x  + 1)  (x  -  2)  =  3. 
Expanding,     x*  -\-x  —  2  —  x*-\-x-\-%  =  3. 
Uniting  terms,  2x  =  3. 

x  —  \  —  \\.     Ans. 

{47)  159°  27'  34. 6" 

25°  16'    8.7" 

3°  48'  53.0" 

188°  32'  36.3" 

(48)  (*)  or  +  y  +  *  -  (x  -y)  -  ( y  +  s)  -  (  ->)  becomes 
^+J/  +  <3'  —  x-\-y—  y  —  z-\-y  on  the  removal  of  the  paren- 
theses. (Art.  5O.) 

Combining  like  terms,  x  —  x -\-y -\-y  —y  -}-y  -\-z-z  —  2}'. 

Ans. 

(b)  (2x  —  y  +  ±z)  +  ( —  x  —y  —  te)  —  (3*  —  2y  —  z]  becomes 
(%x—y  +  kz  —  x—y  —  ^z  —  ?>x-\-%y-\-z  on  the  removal  of  the 
parentheses.     (Arts.  5O  and  51.)     Combining  like  terms, 

'Zx  —  x  —  Zx—y—y  +  Ky+kz  —  kz  +  z  =  z—^x.     Ans. 

(c)  a  -  [2a  +  (30  -  40)]  -  5tf  -  { 6*  -  [(70  +  &*)  -  90] } . 

In  this  expression  we  find  aggregation  marks  of  different 
shapes,  thus,  [,  (,  and  j.  In  such  cases  look  for  the  cor- 
responding part  (whatever  may  intervene),  and  all  that  is 
included  between  the  two  parts  of  each  aggregation  mark 
must  be  treated  as  directed  by  the  sign  before  it  (Arts.  5O 
and  51),  no  attention  being  given  to  any  of  the  other  ag'gre- 
gation  marks.  It  is  always  best  to  begin  with  the  innermost 
pair,  and  remove  each  pair  of  aggregation  marks  in  order. 
First,  removing  the  parentheses,  we  have 

a  —  [%a  4- 3a  —  ±a\  —  5a—{Qa  —  \la  +  8^  —  9rt] } . 
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Removing  the  brackets,  we  have 

Removing  the  brace,  we  have 

a  —  2a  —  3<?  -\-  ±a  —  ba  —  6a  -f-  *ta  -\-  8a  —  9#. 
Combining  like  terms,  the  result  is  —  5a.     Ans. 

(49)     (a)  —  Imy  )  35my  +  28;;/2j/2  —  Umf 

-5;;/2—   4;;y/   +   2j/2.    Ans.    (Art.  74.) 


4     -  3tf  /;  -  rt2^2.     Ans. 
(c)  4.r2  )  4^-'  -  8,r5  +  12^7  -  16^9 

^—  2x*+    3x*-    ±x\     Ans. 

(50)       Let       x  =  the  length  of  the  post. 

x 

Then,  —  =  the  part  in  the  earth. 

5 

3  tr 

-y-  —  the  part  in  the  water. 

From  the  conditions  of  the  problem,  we  have,  therefore, 
the  following  statement: 


from  which  *tx  -j-  15.r  -\-  455  = 

-13^-  —  —455; 
and  x  =  35  feet.     Ans. 

(51)     Let          ^r  =  the  whole  quantity. 

2r 

Then,     -^-  -f-  10  =  the  quantity  of  niter. 
o 

X 

—  —  4i  =  the  quantity  of  sulphur. 
-  +  10J—  2  =  the  quantity  of  charcoal. 
Hence,  *  = 
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Clearing  of  fractions  and  expanding  terms, 

42;r  =  28.r  +  420  +  7,r- 189 +  4,r  + 60-84. 
Transposing, 

42^  —  28^  —  7^-4^  —  420 -1.89  + CO -84. 
3*  =  207. 

x  =  69  lb.,  the  quantity  of  gunpowder. 

Ans. 

O -v-  9  y  AO 

__|-10  =;  -        -+10  =  56  lb.,  the  quantity  of  niter.    Ans. 
o  o 

£_4£  =  %9-  —  4i  =  7  lb.,  the  quantity  of  sulphur.     Ans. 
56  lb.  X  f  —  2  lb.  =  6  lb.,  the  quantity  of  charcoal.     Ans. 

(52)  (a)  See  Art.  136.  The  cube  root  of —  125  is -5. 
Dividing  each  of  the  exponents  of  the  literal  part  by  3,  the 
index  of  the  root,  the  cube  root  of  x*y*z*  is  x%y*z*  —  xy*z*\ 
hence,  V  -  125.r>V  =  -  5;n/V.  Ans. 

(b)  and  (c)  Proceed  exactly  as  in  (a),  f  10,000  =  ±  10 
and  ^243  =  3 ;  VV"£2V  =  aVbtc*  =  a*bbc\  and  ~ 


Hence,  10,000^I6^2V8  =  ±  10*40V.     Ans. 

'V0  =  3;//V.     Ans. 


(d)     Dividing  the  exponent  of  each  letter  in  both  numera- 
tor and  denominator  by  5,  the  index  of  the  root, 


Ans 


(53)     Using  the  proportion  of  Art.  183, 

A  B  :  B  C  =  sin  C  :  sin  A, 
or  70  :    42  =  sin  C  :  sin  36°  10'. 

Hence,  sin  C  —  Jf  Xsin  36°  10'  =  Jf  X.  59014  =  .98357. 

The  angle  whose  sine  is  .98357  is  79°  36';  hence  angle  C 
=  79°  367.  Ans. 

Angle  B  =  180°  -(A  +  C)  =  180°  -  (36°  10' +  79°  36X) 
;=  64°  14r.  Ans, 
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Using"  the  proportion  again, 
AC  :  BC    =  sin  B  :  sin  A  ; 
or  AC:  42  ft.  —  sin  64°  14'  :  sin  36°  10'  =  .90057  :  .59014. 

''r       42ft.  X.  90057  . 

Hence,  AC  —  -          -  —  G4.1  ft.,  nearly.     Ans. 

(54)  (a)  See  Art.  159. 

180°  -72°  11'  36"  =  107°  48'  24".     Ans. 
(b)     See  Art.  158. 

90°  -22°  34'  17"  =  07°  25'  43".     Ans. 

(55)  Angle  B  =  180°  -  (A  +  C) 

=  180°  -(57°  34.  5'  +  44°  22.5')  =  78°  3'.     Ans. 

A  C  :  A  B  —  sin  B  :  sin  C  =  sin  78°  3X  :  sin  44°  22.  5r 
=  .97833  :  .69936. 

r       344  ft.X.  97833 
HenCC'y^  -^993T-         ^81.22ft.     Ans. 

B  C  :  A  B  ^  sin  A  :  sin  C  =  sin  57°  34.5r  :  sin  44°  22.5' 
=  .8441  :  .69936. 


Hence,  B  C  =  344          *  -  415.19  ft.     Ans. 
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(1)  See  Art.  32.     127-*-  62.  42  =  2.034  ==  specific  grav- 
ity.    Ans. 

(2)  The  current  is  flowing  from  the  north  towards  the 
south. 

(3)  See  Art.  33.     *  '*****£'**  =  .3548  Ib.     Ans. 

(4)  (a)  and  (b)   See  Art.  167. 

(5)  (a)  and  (If)  See  Art.  1. 

(6)  See  Art.  213. 

(7)  (a)  See  Art.  159. 
(b)    See  Art.  16O. 

(8)  At  the   bottom  of   the  valley;    see   also  Arts.   29 
and  3D. 

(9)  Using  formula  13, 


(10)  See  Art.  168. 

(11)  (a)  See  Arts.  4  and  26. 
(/?)  See  Art.  4. 

(12)  The  area  of  the  surface  of  the  sphere  ==  (diameter)2 
X  3.  1416  =  4X4X3.1416  =  50.2656  sq.  in.    From  Art.  199, 
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the  electric  density  of  a  charged  body  is  found  by  dividing 
the  number  of  units  of  electricity  by  the  area  of  the  surface 
upon  which  it  resides;  therefore,  the  electric  density  of  the 
sphere  is  400^50.2656  =  7.9577  units  of  electricity  per 
square  inch.  Ans. 

(13)  (a)  See  Art.  134. 
(b)  See  Art.  135. 

(14)  (a)  7.14-T-.08  =  89.25  cu.  ft,  the  new  volume.    Ans. 
(//)     If  1  cu.    ft.  weighs    .08    lb.,    1    lb.    contains    l-j-,08 

—  12.5  cu.  ft.     Hence,  using  formula  15j/  V  —  .37052  W  7\ 
~  pV  22.05X89.25 

=  .-37052TF  :=  .37052X7.14  ==  74'i8b7  (H  atmospheres 

—  14.7xl|-  =  22.05  lb.).    Hence,  743.887-460  =  283.887°. 

(c)     Using  formula  15,  Ans- 

„       .  37052  W  T      .  37052  X  7. 14  X  (460  +  75) 

V  —  ^_1.  =  64.188  eu.  ft 

Ans. 

(15)  (a),  (b},  and  (c)  See  Arts.  9O  and  91. 

(16)  By  formula  27, 

_  2. 25 X. 0314 X 40  +  4 X. 65+1. 75 X.  1298X62  _ 

2. 25  X .  0314  +  4  + 1. 75  X  .  1298  )tL  4'j  ' 

Ans. 

(17)  See  Art.  32. 

(18)  See  Art.  2O6. 

(19)  Using  formula  1O,  p  W^  =  /,  Wy 

3.5X14.7X2  =/Ixl3; 

14.7X3.5X2 
hence,  p    •=.  -  -  =  7.91o+  lb.  per  sq.  in.     Ans. 

lo 

(20)  See  Art.  198. 

(21)  (a)  and  (b)   See  Art.  3. 

(22)  (a)  and  (b)  See  Art.  64. 

(23)  Southward,  as  unlike  poles  attract  each  other;  see 
also  Art.  17O. 
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(24)  Towards  the  east;  see  Art.  219. 

(25)  See  Art.  7. 

(26)  (a)  Using  formula  2,  wR  =  d  W, 


(/;)     Using  formula  3,  w  d*  =  W  R\ 

WR*        40x4,000* 
W-  -     -38.0731b.     Ans. 


(27)  (rt)  and  (£)  See  Art. 

(28)  Using  formula  3,  w  d*  =  W  R\ 


/'d  OOO2  v  9, 
^UUU3  X/*  =  13,064  mi.,  nearly. 

T6- 

13,064-4,000  =  9,064  mi.     Ans. 


(29)  See  Art. 

(30)  (a)  2,000-f-4  =  500  =  weight  of  1  cubic  foot.     500 
-h  62.  5  =  8  =  specific  gravity.     Ans. 

(M     _5^-  =  .28941b.     Ans. 

1,728 

(31)  As  soon  as  the  two  gilt  balls  come  in  contact,  the 
-f-  4  charge  on  ball  A   neutralizes  a  —  4  charge  on  ball  B, 
leaving  a  negative  charge  of  —  20  units,  which  immediately 
divides  equally  between  the  two  balls.     A  charge  of  —  10 
units  on  each  ball   produces  a  repulsion   of  10  X  10  —  100 
dynes  between  the  two  balls  at  a  distance  of  1  centimeter; 

1  00 
and  at  a  distance  of  2  centimeters  the  force  will  be  -—5-  =  25 

dynes,  since  the  force  exerted  between  them  varies  inversely 
as  the  square  of  the  distance.     (See  Art.  19O.)     Ans. 

(32)  See  Art.  12. 

(33)  vSee  Art  182. 


4  PHYSICS. 

(34)     (a)  Using  formula  5, 


— -  .555.     Ans. 


"  (91,85—  41)  —  (16X5—  .B}X  16) 

(b)  Using  formula  4, 


=  lGC7.     Ans. 


(35)  Positive;    see   Arts.    187   and    198.     A  negative 
charge   is   developed    on   sulphur   when   rubbed   with   silk 
(Art.   187).     This   negative    charge    will  induce  a  bound 
positive  charge  on  the  cover  towards  the  sulphur,  and  a  free 
negative  charge  on  the  opposite  side   of  the   cover,  which 
will  neutralize  with  the  earth  and  leave  the  positive  charge 
alone  on  the  cover. 

(36)  2  Ib.  =  32  oz.       32  -  10  =  22  oz.  =  loss  of  weight 
of  the  bottle  in  water.      32  +  16  —  48  oz.   =  weight  of  bottle 
and   sugar   in    air.     48  —  16  =  32  oz.  =  loss    of   weight    of 
bottle   and   sugar   in   water.      32—22  •=   10   oz.   =  loss    of 
weight  of  sugar  in  water  =  weight  of  a  volume  of  water 
equal  to  the  volume  of  the  sugar.      Then,  by  formula  4, 


(37)  (a)  Negative. 
(b}   Negative. 

(c)  Positive.      See  Art.  187. 

(38)  (a)    W  =  2  Ib.  8.|  oz.  =  40.5  oz. 

w  =  12  oz. 

W-  1  Ib.  11  oz.  =  27  oz. 
By  formula  6, 

W-w        40.5-12 


OQ    K 

(*>     SeeArt.44.    ^x  .03617x  1(i  =  ^.019  cu.  in.    An, 
(39)     See  Art.  188. 
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(40)     See  Art.  5O. 
(4.1)     Using  formula  7, 

(U.7X3)  XI 


Z.  5 

(42)  See  Art.  189. 

(43)  It  means  that  the  mercurial  volume  of  the  gauge 
stands  23  inches  high,  or  in  other   words   that   there   are 

3Q  _  23 

23  inches  of  vacuum.  —  X14.7  =  3.43  Ib.    per  sq.  in. 

60 

=  pressure  in  condenser.   Ans.     See  also  Art.  5O. 

(44)  (a)  Since  the  force  exerted  between  two  statically 
charged  bodies  is  equal  to  the  product  of  their  two  respect- 
ive charges  (Art.  191),  and  a  unit   quantity  of  electricity 
attracts  another  unit  quantity  of  opposite  sign  with  a  force 
of  1  dyne  at  a  distance  of  1  centimeter,  then  the  force  of 
attraction  exerted  between  the  two  gilt  balls  at  a  distance  of 
1  centimeter  is  20X5  =  100  dynes.     Ans. 

(b)  According  to  the  law  of  attraction  and  repulsion  of 
static  charges  (Art.  19O),  the  force  exerted  between  them 
varies  inversely  as  the  square  of  the  distance  ;  consequently, 
if  f  =  the  force  at  5  centimeters,  then 

100  :  /  =  52  :  1,  or  52/  =^  100,  or/  =  4  dynes.     Ans. 

(45)  Using  formula  25, 

pV=RWT\  or  18x100  =  5.34946  X  (80  +  460)  xW. 
W  -  18X100  _ 

"  5.  34946  X  (80  +  400)  = 
pV  =  RWT;  or  18  X  100  =  5.3494(3  X  W  X  (80+460). 

TXT  lo    X    I'M.) 

= 


(46)     Using  formula  12, 

:  4'6  cu'  ft    Ans' 


(47)     See  Art.  179. 
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(48)     Substituting  in  formula  13,  /  =  40,  t  —  120,  and 
'   =  55> 


(49)  See  Art. 

(50)  See  Art.  163. 

(51)  Using  formula  15, 

/  V  =  .37052  W7;  or  W  =  —  - 
T  =  460°  +  60°  =  520°  ;  therefore, 


(52)  See  Art.  186. 

(53)  For  definition  see  Art.  8O. 

(54)  (a)  Using  formula  23,  v  =    VCj,  then 

v  =  4  X  4X  20  X.  00002058  XI,  200  =  7.903  cu.  in.     Ans. 
(b)     Using  formula  21,  I  =  LC\t,  then 

/  =  20  X.  00000686  XI,  200  =  .16464  in.     Ans. 
(<:)     Using  formula  22,  a  =  A  C\t,  then 

a  =  4X  4  X.  00001372X1,  200  =  .2634  sq.  in.     Ans. 

(55)  For  (a)  and  (b)  see  Art.  148.     For  (c)  see  Art.  147. 

(56)  See  Art.  18O. 

(57)  Using  formula  17,  V  P  =  p  v  +/,  i\  ;  therefore, 

PX7.5  =  14.7X2X7.5  +  40X7.5 
or  P  =  69.4  lb.  per  sq.  in.     Ans. 

(58)  Extending  formula  1  7   to  include  three  gases,  we 
have  P  V  =  /,  ^  +/2  ^  -f/3  7^,   or  P  X  40  =  1x12  +  2x10 

+  3X8.    Hence,  P  =  |?  _  i.4atmos.  =  1.4x14.7  =  20.58 
lb.  per  sq.  in.     Ans. 

(59)  By  formula  21,  I  =  LC,t,  . 

C}  =  .00000599,  L  =  900  X  12,  /  =  90°  -  28°. 
Therefore, 
/  =  900  X  12  X  .  00000599  X  (90  -28)  =  4.01  in.  Ans. 
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(GO)     See  Art  178. 

(61)  (a)  The  Fahrenheit  thermometer  is  generally  used 
in  the  United  States  and  England. 

(b)  R  :  C  =  80  :  100;  therefore, 

80°  :  100°  =  44°  :  55°  C.     Ans. 

(c)  Using    formula   19,  tf  —  f  /c-f  32;   substituting  the 
proper  values,  we  obtain  tf=  f  X  55  +  32  —  131°  F.     Ans. 

(62)  See  Art.  192  for  («)  and  (b). 

(63)  See  Art.  124. 

(64)  See  Art.  145   and   Fig.  24.     In  the  latter,  P  is  the 
refracting  edge,  a  the  refracting  angle,  and  S  Q  the  base  of 
the  prism. 

(65)  North;  see  Art.  17O. 

(66)  According  to  formula  18,  P  V  =  &.+\  T, 


20  v  ^51 

Therefore,   T  =    *     „*     =  439.35°.     'Since  this  is  less  than 
1.41110o 

460°,  the  temperature  is  460  —439.35  =  20.65°  below  zero, 
or—  20.65°.      Ans. 

(67)  Negative;  see  Art.  187. 

(68)  Use  formula  18,  P  V  ==  +  T' 


r=  110° +  460°  =  570°;  j;  =  100° +,460°  =  560°;    Tz  =  130C 
-f  460°  =  590°.      Therefore, 
90X40      80X57\., 

f  /*/  \  ' 


V  =  J  -gg^  -  -  67.248  cu.  ft.     Ans. 

(69)  Use  formula  2O,  tc  =  (//— 32)|. 

(«)  /,  =  (  -  10  -  32)  X  f  =  -  231°  C.     Ans. 

(b)  tc  =  (25-32)xf  =  -3f°  C.     Ans. 

(c)  tc  =  (2, 200- 32)  Xf  =  1,2044-°  C.     Ans. 

(70)  See  Art.  173. 
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(71)     According  to  formula  12,  vl  =  7;(  JKQI  /); 

„  /4G()-f  390\ 
or,  v  =  1 


19.4286  —  12  =  7.4280  cu.  ft.  Ans. 

(72)  (a)  See  Art.  193. 
(6)  See  Art.  194. 

(73)  1  calorie  =  3.9GB.  T.  U.  (Art.  1O6).      Hence,   (a) 
798  B.  T.  U.  —  798  -r-  3.  90  =  201.515  calories.     Ans. 

(If)     40X3.90  =  158.4  B.  T.  U.     Ans. 

(74)  Increase     in    diameter  =  4.001  —  3.9985  =  .0025". 
C\  =  .00000599  from  Table  2.      Hence,  using  formula  21, 

/  =  LC,  t    and    /    =  ^  =  3.0985^OUU59i)  =  104.4°, 
nearly.     Then,  104.4  +  80  =  184.4°,  nearly.     Ans. 

'  (75)  Substitute  in  formula  26,  W  =  300,  tl  -t  =  104.4, 
and.?  =  .1105;  then,  ;/  =  W(tl  -  f)s  ==  300  X  104.4  X  .1105 
=  4,378.530  B.  T.  U. 

Since  12  per  cent,  of  the  total  heat  is  lost  by  radiation,  the 
above  number  of  B.  T.  U.  must  be  the  number  remaining 
after  subtracting  the  heat  units  lost  by  radiation  from  the 
total  number;  or,  it  is  100  —  12  =  88  per  cent,  of  the  tota.1 
number.  Hence,  dividing  by  .88,  we  obtain  4,378.530  -h.  88 
=  4,975.0  B.  T.  U.,  total  heat  required.  Ans. 

(70)     By  using  formula  27, 


(w^+  w.  s,  +  w,  sjt  -  H;  5,  /a  -  w,  s,  /, 

1  =  ^^ 

_  (IX.  1298+3.25X1  +  1.  5x.  0951)128-3.25x85-1.  5x.  0951x85 

1X.1298 
=  1,252°.     Ans. 

(77)     Using  formula  29, 

100.7          100X29 

Ans- 
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(78)  See  Art.  179. 

(79)  See  Art.  1O7. 

(80)  (a)  30  —  17.5  =  12.5  in.  =  original  tension  of  gas  in 
inches  of  mercury.     30  —  5  ==  25  in.  =  new  tension  in  inches 
of   mercury.      VP—  vp-\-vlpl    (formula   17),   or   G.7X25 

=  6.7X12.5  +  ^X30. 

6.7X25-6.7X12.5 

^  =  -  —^—    -  =  2.  791  cu.  ft.     Ans. 

oO 
(b)     To  produce  a  vacuum  of  0  inches, 

6.7X30-6.7X12.5 

vl  =  -  -  =  3.908  cu.  ft.     Ans. 

oO 

(81)  Applying  formula  12, 

'.          4,  516  /  460  +  80 


>  460+ 

(82)  (a)  See  Art.  15O. 

(b)  See  Art.  15O. 

(c)  See  Art.  153. 

(83)  See  Art.  79. 

(84)  See  Tables  5  and  6. 

-50  -(-37.8)  X  12  X  .0333  =  4.875  =  units  of  heat 
necessary  to  raise  the  temperature  to  the  fusion  point 
5.09X12  ==  61.8  B.  T.  U.  required  to  melt  the  mercury. 
[662  -  (-37.  8)  ]X.  0333X12  =  279.64  B.  T.  U.  required  to 
raise  the  temperature  to  the  point  of  vaporization.  157  X  12 
=  1,884  B.  T.  U.  required  for  vaporizing  it.  4.875  +  61.08 
+  279.64  +  1,884  =  2,229.595  B.  T.  U.  Ans. 

(85)  See  Art.   88. 

(a)  460  +  96   =  556°  F. 

(b)  2731  +  32  =  3051°  C. 

(c)  2731  +  180  =  4531°  C. 

(d)  460  +  650  -  1,110°  F. 

(e)  2731-40  =  2331°  C. 
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(86)  (a)  and  (b)  See  Art.  158. 

(87)  See  Art.  1O5. 

(88)  See  Art.  128. 

(89)  See  Art.  174. 

(90)  (a)   See  Art.  129. 
(b)   See  Art.  13O. 

(91)  (a)  See  Art.  161. 
(b)  See  Art.  162. 

(92)  See  Art.  142. 

(93)  (a)  and  (b)  See  Art.  164. 

(94)  See  Art.  132.     About  190,000  miles  per  second. 

(95)  See  Art.  139. 
(90)  See  Art.  183. 


THEORETICAL  CHEMISTRY. 


(1) 

162  100  18  44 

Using  formula  1O,  w  —     ^  ,  and  substituting  the  proper 

values,  we  obtain 

296.3X100 

w  — —r-     -  =  182. 9  grams.     Ans. 

1  ()</ 

(2)  See  Arts.  34  and  35. 

(3)  See  Art.  18. 

(4)  See  Art.  1O7. 

(5)  (a)  One  atom. 

(b)  Three  atoms. 

(c)  Four  atoms. 

(G)  Decant  the  liquid  and  evaporate  some  of  it;  if  the 
powder  was  dissolved,  it  will  be  found  in  the  evaporating 
pan  after  the  liquid  has  been  evaporated  off. 

(1)     See  Art.  24. 

(8)  See  Art.  61. 

(9)  See  Art.  96. 

(10)  See  Art.  41.     As   35.5  parts   of  chlorine    combine 
with    1    part    of   hydrogen,   the  quantity  of '  antimony  that 

§5 
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combines  with  35.5  parts  of  chlorine  is  its  atomic  weight, 
if  there  is  only  1  atom  of  chlorine  in  the  compound: 

46.01  :  53.89  =  35.5  :  40.  GG. 

By  adding  the  two  combining  weights  (35.5  -\-  40.  GO)  we 
obtain  only  76. 1G.  This,  however,  is  one-third  of  the 
molecular  weight  (228. 5) ;  hence,  the  compound  in  question 
is  composed  of  3  parts  of  chlorine  and  40.GGX3  =  121.98 
parts  of  antimony,  and  121.98,  say  122,  is  the  atomic  weight 
of  antimony.  Ans. 

(11)  See  Arts.  1  and  2. 

(12)  See  Art.  1O4. 

(13)  See  Art.  11. 

(14)  Methyl-orange  changes  its  color  to  reddish  pink  in 
the  presence  of  the  slightest  excess  of  acid ;  while  phenol- 
phthalein   is   unaltered   by   acids,    but   produces,   with    the 
slightest  excess  of  an  alkali,  an  intense  magenta-red  color. 

(15)  K,  Na,  Fe,  and  Pare  metals;   67,  S,  N,  As,  and  H 
are  non-metals.     See  Art.  37. 

(16)  (a)  See  Art.  52. 
(b)  See  Art.  53. 

(17)  Oxidizing   agents   (see    Art.    11O).     For   reducing 
agents  see  Art.  112. 

(18)  See  Art.  4. 

(19)  See  Art.  62. 

(20)  Chromic   acid  HfrO^  has   a   molecular    weight    of 
118.5;   using  formula  1,  x  =  -        — ,  and  substituting  the 

given  values,  we  obtain 

1  X  2  X  100 
*  =  "    1185       =  lm     *       hydrogen; 

52.5X1X100 

x  — T- 5-R—  -  =  44.30$  of  chromium; 

118.  o 

16X4X100 

x  =  -         Q-R--   —  54.01$  of  oxygen.     Ans. 
1 18. 5 


§5  THEORETICAL  CHEMISTRY.  3 

VH 

(21)     Using  formula  11,  v  —  —.  —  ,  and  substituting  the 

known  values,  we  obtain 

542X781 
v  —  —  —  —  =  550.97  c.c.     Ans. 


(22)  See  Art.  5. 

(23)  By  filtration  (see  Art.  99),  and  then  by  distillation 
(see  Art.  1O1)  or  evaporation  (see  Art.  98). 

(24)  See  Art.  8. 

(25)  vSee  Art.  37. 
(2(3)     See  Art.  G. 

(27)  By  evaporation  (see  Art.  98). 

(28)  Using   formula  2,  n  =  777:7—  ,  and  substituting  the 

known  values,  we  obtain 

r  _    14.29X84  _ 

12X100 
n        57.14X84 
16X100 
_    1.19X84 
IX  100 
27.38X84 
23X100 

Hence,   the   formula   of   this   compound   is    CO^HNa    or 
HNaCOv     Ans. 

(29)  See  Art.  27. 

(30)  See  Art.  43. 

(31)  (a)   See  Art.  75. 
(b)  See  Art.  76. 

(32)  4CO  +  W9  =  4O?2-f2<92 

Four  volumes  of  carbon  dioxide  will  be  formed,  while  two 
volumes  of  oxygen  remain  unburned. 

(33)  See  Arts.  1O2  and  1O3. 
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(:',4)  See  Art.  13. 

(35)  See  Arts.  55,  56,  and  57. 

(30)  See  Art.  1.O8. 

(37)  See  Arts.  14  and  15. 

(38)  See  Art.  37. 

(39)  See  Art.  59. 

(40)  Na^Bfl^   has   a   molecular   weight    of   202;    using 
formula  1,  x  —  -       —  ,  and  substituting  the  proper  values, 

we  obtain 

23X2X100 
#  =  -  -  =  22.77$  of  sodium; 

/cU/g 

11X4X100 

x  =  -  -  —  21.78$  of  boron; 


16X7X100  _     - 

-  =  55.  45$  of  oxygen.     Ans. 


(41)  (a)  and  (b)   See  Arts.  71  and  72. 

(42)  See  Art.  16. 

(43)  See  Art.  58. 

(44)  See  Art.  78. 

(45)  See  Art.  26. 

(46)  (a)  See  Art.  44. 
(b)  vSee  Art.  45. 

(47)  (a)  and  (b)  See  Art.  66. 

(48)  (a)  See  Art.  77. 

(b)     A+B  =  AB  ;  AB+  C  =  AC+B  ;  AB+  CD 
=  AC+BD;  ABC    --  CAB;  AB  =  A+B. 

(49)  NH^  +  HI  =  NHJ.     Using  formula  7 ,  M  —  -^-/, 

Ti' 

and  then   substituting  the  known   values  in  it,  we   obtain 

,-.       56.1X145 

M  =  —         —  =17,  molecular  weight  or  ammonia.     Ans. 
S.  o 


(50)     See  Arts.  91,  93,  and  94. 
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(51)  (a)  See  Art.  19. 
(b)  See  Art.  2O. 

(52)  (a)  and  (b)  See  Art.  33. 

(53)  (a)  See  Art.  5O. 

(b)  2  pentad  and  5  dyad  atoms. 

(54)  See  Art.  8. 

(55)  Employing  formula  2,  n  —  TTTTT-,  and  substituting 
the  proper  values,  we  obtain 


n. 

Na 

IX  100 
32.4X142 

-  ^; 

f\  . 

P  = 

O  - 

23X100 
21.8X142 

—   «  , 

=  l; 

—  4. 

31X100 
45.1X142 

16X100 

Hence,  the  formula  of  this  compound,  which  is  hydrodi- 
sodium  phosphate,  is  HNa^PO'c     Ans. 

(50)     See  Art.  21. 

(57)  See  Arts.  34  and  35. 

iti  x 

(58)  Using  formula  2,  n  =  -  —  -  —  ,  and  substituting  the 

known  values,  we  obtain 

103X53.4  _ 
"  27.5X100  = 
103X46.6  _    o 

16X100  3' 

Hence,  the  formula  of  alumina  is  Al^Oy     Ans. 


(59)  2KNOt  +  H^SO^  =  K£O<  + 

170  98  174  94 

Using  formula  8,  W  —  -  —  ,  and  substituting  the  given 


values,  we  obtain 
1  7D  X  S92 


=  383  grams  of  potassium  nitrite.     Ans. 
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(60)  See  Art.  3O. 

(61)  SrO,    strontium    oxide;     NaCl,    sodium    chloride; 
P2<95,  phosphoric  oxide;    />'a03,  boric  oxide;    SnCl^  stannic 
chloride. 

(62)  Using1  formula  3,  a  =  -     — ,   and  substituting"  the 

100  // 

given  values,  we  obtain 

a  =  —  '     =  39,  molecular  weight  of  potassium.     Ans. 

_L  X  -LUU 

(63)  See  Art.  65. 

(64)  See  Art.  38. 

(65)  See  Art.  3O. 

(66)  See  Art.  61. 

(67)  Substituting    the    known    values    in    formula    3, 
mx 


125  X  52 
a  =  - — — —  —  65,  molecular  weight  of  zinc.     Ans. 

(68)     Using  formula  12,  ?',  =  7;(  o^oT  ')>  an<^  substitu- 
ting the  given  values,  we  obtain 


(69)  See  Art.  33. 

(70)  (a)  and  (b)  See  Arts.  46,  47,  48,  and  49. 

(71)  See  Art.  7O. 

(72)  Using  formula  4,  ;;/  =  .-        — ,  and  substituting  the 

-£ 

given  values,  we  obtain 

65X1X100 

— -„ =  97,  molecular  weight  of  zinc  sulphide. 

Ans. 
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(73)     Using  formula  7,  J/  =  -    —  ,   and  substituting  the 

known  values,  we  obtain 

883.2X162 

M  =  -  =  128,  molecular  weight  of  hydriodic  acid. 
1,  117.  8  . 

Ans. 

(273  [   /  \ 
0JoT  r 
!v7o  -j-// 

substituting  the  given  values,  we  obtain 


7c-c-   Ans' 

(75)     See  Art.  29. 

(7<i)     1  atom  of  hydrogen,  1  atom  of  oxygen,  1  molecule 
of  oxygen,  3  molecules  of  hydrogen. 

(77)  11.2  liters  of  hydrogen  weigh  1  gram. 

(78)  Substituting     the     given     values     in     formula    1, 

0*.xiod 

x  =  -  ,  we  obtain 
m 

44X1X100  f  Am 

-  =  oo  parts  of  NO.     Ans. 

00 

(70)     Using  formula  9,  ;//  =  —TI/-,   ^nd  substituting  the 
given  values,  we  obtain 

228.5X2X78.57 

=  340,    molecular   weight   of  anti- 


105.0 
monous  sulphide.     Ans. 

(80)  Add  to  the  dilute  acid  a  drop  of  litmus  solution,  and 
then  caustic  soda  in  a  solution  of  known  strength  in  small 
quantities,  until  the  red  tint,  caused  by  the  previous  addition 
of  the  litmus,  has  changed  to  a  faint-blue  color.      See  also 
Arts.  113  to  118. 

(81)  See  Art.  3O. 

(82)  See  Art.  4O. 
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1  00  a  n 
(83)     Using  formula  4,  111  =  -        —  ,  and  substituting  the 

Jv 

known  values,  we  obtain 

23  X  1  X  100 

-  -  =  58.5,  molecular  weight  of  NaCl.     Ans. 

oJ.o/c 


(84) 

98  106  142  44  18 

Using  formula  1O,  w  —  —jnr~,  and  substituting  the  given 
values,  we  obtain 

w  —  -    J'  -  =  530.  64  grams  of  sodium  sulphate.    Ans. 

(85)  (a)  See  Arts.  26  and  63.     (/;)    It  means  that   the 
volume  has  to  be  calculated  at  normal  temperature  and  pres- 
sure ;  i.  e.  ,  at  0°  and  760  mm.  pressure. 

(86)  (a)  See  Art.  69. 
(b)   See  Art.  69. 

(87)  Using  formula    6,  s  —  -  —  —  ,  and  substituting  the 
known  values,  we  obtain 

z=-  -  =  5,  010  kilograms  of  calcium  phosphate.   Ans. 

ol 

VH 

(88)  Using  formula  11,  v  .=  —  -j—  >   and  substituting  the 

known  values,  we  obtain 

420  X  731) 

v  =  —  i^—       --  40S.4  c.c.      Ans. 

(80)  (a)  See  Art.  55.  (b)  Sulphurous  acid  has  the 
formula  HJSO^  while  sulphuric  acid  is  H^SO^  ;  hence, 
sulphuric  acid  possesses  one  more  atom  of  oxygen  than 
does  sulphurous  acid. 

(90)     (a)  vSee  Art.  73. 
(b)     A 

(1)1)     One  liter  of  hydrogen  weighs  .0896  gram. 
(92)     See  Art.  68. 
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Potassium   iodide  KI,   lead   sulphide  PbS,   calcium 
chloride  CaCl^  cupric  oxide  CuO. 


(1)4) 

202  98  174  126 

202  parts  of  potassium  nitrate  and  98  parts  of  sulphuric 
acid  yield  174  parts  of  potassium  sulphate  and  126  parts  of 
nitric  acid. 

(95)  Using  formula  5,  y  =  -  —  ,  and  substituting  the 
known  values,  we  obtain 

y  =  2°7932  =  807.21  Kg.  of  lead.     Ans. 


INORGANIC  CHEMISTRY. 

(PART  1.) 

(1)  See  Art.  125. 

(2)  See  Art.  4. 

(3)  1  kilogram  —  1,000  grams;    50  kilograms  =  50,000 
grams.      See   Art.  5.     1  gram  of  burning  hydrogen  raises 
34,462  grams  of  water  from  0°  to  1°.     Then,  50,000  —  34,462 
=  1.45  grams  of  hydrogen  are  needed  to  raise  50,000  grams 
from  0°  to  1°,  and-  1.45  X  10,  or  14.5,  grains  will  be  required 
to  raise  the  same  quantity  of  water  to  10°.     Ans. 

(4)  See  Art.  11.     Oxygen  is  an  extremely  active  sup- 
porter of  combustion,  while  air,  being  composed  of  oxygen 
and  nitrogen,  the  latter  of  which  is  not  a  supporter  of  com- 
bustion, is  a  less  active  supporter. 

(5)  See  Art.  1OO. 

(6)  See  Art.  61. 

(7)  iNaBr+Cl^  =  KNaCl+Br^ 

(8)  See  Art.  36. 

(0)     All  acids,  all  hydrates,  organic  compounds,  such  as 
alcohol,  petroleum,  etc.     See  Art.  2. 

(10)     Hydrochloric-acid  gas  is  prepared  according  to  the 
equation 


98  117         .     73  142 

§6 
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Then, 

(a)  73  :     98  =  36.5  :  49  grams  H^SOj 
73  :  117  =  36.5  :  58.5  grams  Nad. 

(b)  73  :     98  =       1  :  1.3424  kilograms  7/a>W4; 

73  :  117  =     1   :  1.6027  kilograms  NaCl.     Ans. 

(11)  See  Art  71. 

(12)  See  Art.  44. 

(13)  See  Art.  115. 

(14)  See  Art.  99. 

(15)  See  Art.  85. 

(16)  (a)  See  Art.  3  and  Art.  31,  Experiment  22. 

(If)  A  molecule  of  water  contains  2  parts  of  hydrogen  and 
16  parts  of  oxygen,  or  1  gram  of  water  contains  T\-  or  i  part 
of  its  weight  of  hydrogen : 

250  ^  9  =  27. 777+  grams  of  H.     Ans. 

(17)  See  Arts.  3D  and  31. 

(18)  -See  Art  98. 

(19)  See  Fig.  13  and  Art.  22. 

(20)  See  Arts.  4  and  5. 

(21)  See  Art  4O. 

(22)  (a)  No. 

(b)  See  Art  75. 

(23)  See  Art  28. 

(24)  See  Art.  1C.     Oxygen  is  prepared  according  to  the 
equation 


261      229    32 
Then, 

261  :  32  =  261  :  32  grams.  Ans. 

(25)  See  Art.  55. 

(26)  fftS04  +  Zn  =  ZnSO  +  ff.     See  Art.  3. 
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(27)  See  Art.  1O. 

(28)  (a)  See  Art.  39. 
(6)  See  Art.  41. 

(29)  (0)  See  Art.  45. 

(/;)  See  Figs.  23  and  24. 

4//6Y+  MnOt  = 
ZNa  Cl  +  2//2S6>4  +  M/i  <92  = 

(30)  A  desiccating  agent  is  a  compound  that  possesses  a 
strong  affinity  for  water  or  moisture;  as,  for  instance,  sul- 
phuric acid,  calcium  chloride,  etc.      See  also  Art.  5. 

(31)  (a)  See  Art.  116. 
(/;)  See  Art.  117. 

(32)  fftScO4.     See  Art.  139. 

(33)  See  Art.  5. 

(34)  Nascent  hydrogen  is  distinguished  by  its  increased 
chemical  activity.      See  Art.  1O8,  Tlicorctical  Chemistry. 

(35)  Silver  has  an  atomic  weight  of  108;  chlorine  has  an 
atomic  weight  of  35.5.      Molecular  weight  of  AgCl  —  143.5. 
Using  formula  1,  Theoretical  Chemistry, 

_  100  a  n 
x  —          —  , 
m 

and  substituting  the  given  values,  we  obtain 


f 

100X35.5X1 
x  —  -  —  -T-^—  -  =  24.739$  of  chlorine.     Ans. 


(3G)     See   Art.   1O.      The    production    of   oxygen    from 
mercuric  oxide  is  expressed  by  the  equation 

IHgO  -  2//-  +  #2 
431.  G        :)!>'.).  6      32 
Then, 

431.6  :  32  =  20  :  1.48  grams  of  oxygen.     Ans. 
(37)     2A^  +  2//2<9  =  ZNaffO+fft.     See  Art.  3. 
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(38) 

(30)  Two  molecules  of  water  and  1  molecule  of 
potassium  yield  2  molecules  of  potassium  hydrate  and 
1  molecule  of  hydrogen. 


(40) 

See  Art.  61. 

(41) 

See  Art.  76. 

(42) 

114.7  grams. 

(43) 

See  Art.  5. 

(44) 

See  Art.  97. 

(45) 

ff,s,or 

(40) 

See  Art.  56. 

(47)  Hydrogen  is  obtained  according  to  the  equation 

7/2.W4  +  Zn  =  ZnSO,  +  //„ 

1)8  05  101  2 

10  liters  of  hydrogen  weigh  .890  gram;  then, 
2  :  05  =  .800  :  20.120  grams  of  zinc, 
2  :  08  =  .800  :  43.004  grams  of  sulphuric  acid.     Ans. 

(48)  Chlorine,      bromine,     iodine,     and     fluorine.       See 
Art.  73. 

(40)     (a)  Water,  sulphur  dioxide,  phosphorus  pentoxide. 

(b)  2//2+    0,=  2//26> 

5   +    0,=     SO, 

P>+50,=  2P,0, 

(50)  Bromine  colors  a  solution   of  starch  yellow,  while 
iodine  gives  a  blue  color  to  the  solution.      See  also  Arts.  7  7 
and  8O. 

(51)  Potassium    chlorate    has    the    formula   KCIO^\    its 
molecular  weight  is  122.5.     Using   formula  1,   Theoretical 
Chemistry, 

100  a  n 

3C      5 

m 
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and  substituting  the  known  values,  we  obtain 
100X30X1 


100X35.5X1 
122.5 

100  X  1C  X  3      _ 
122.5 

(52)  3.17  grams   occupy  the  volume  of  1  liter.     1  gram 
occupies,  then,  the  volume  of  .31545  liter,  and  32  grams  will 
occupy  10.094  liters.     Ans. 

(53)  One  molecule  of  zinc  and  1  molecule  of  sulphuric 
acid   yield    1  ^  molecule    of   zinc    sulphate    and    1    molecule 
of  hydrogen. 

(54) 

Hyposulphurous  oxide  S"  O  Hyposulphurous  acid  HnS"  Oz 

Sulphurous  oxide            Slv6?a  Sulphurous  acid            HtSivO3 

Sulphuric  oxide               <Svl@9  Sulphuric  acid               //25vi<94 

(55)  See  Art.  1O. 

(56)  See  Art.  88. 

(57)  Hydrogen     sulphide    has     the    formula    //3S;    its 
molecular  weight  is  34.      Using   formula  1C,    Theoretical 
Chemistry, 

Wm 

W:     TIT' 
and  substituting  the  known  values,  we  obtain 

w  =  — — —  =  94.117  grams.     Ans. 

(58)  1  liter  of  H£  weighs  1.52  grams,  100  liters  weigh 
]  52  grams. 

(59)  (a)  and  (/;)  See  Art.  9O. 

(60)  1()  parts,  by  weight,  of  oxygen, 

2  parts,  by  weight,  of  hydrogen. 

For  the   determination   of  the    composition   of  water  by 
weight,  see  Art.  34. 
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(61)  See  Art.  99. 

(62)  See  Art.  48. 

(63)  See  Art.  1O,  Experiment  7,  and  Figs.  6  and  7. 

(64)  See  Art.  1O8. 

(65)  Hydrofluorie  acid  has  the  formula  ///''and  a  molec- 
ular weight  of  20.     Using  formula  1  ,  Theoretical  Chemistry  ^ 

100  a  n 

I*     -     _ 
A?     -  . 

in 
and  substituting  the  known  values,  we  obtain: 


(66)  See  Art.  145. 

(67)  See  Art.  113. 

(68)  (a)  2 
^ 


Two  molecules  of  sodium  iodide  and  1  molecule  of  man- 
ganese dioxide  and  2  molecules  of  sulphuric  acid  yield  1 
molecule  of  sodium  sulphate,  1  molecule  of  manganese 
sulphate,  2  molecules  of  water,  and  1  molecule  of  iodine. 
See  Art.  79. 

(69)  See  Art.  134. 

(70)  (a)  A  unit  of  heat  is  the  amount  of  heat  required  to 
raise  1  gram  of  water  from  0°  to  1°. 

(b)     34,462  units  of  heat.     See  Art.  5. 

(71)  See  Art.  99. 

(72)  A   reducing    agent    is   a   substance    that    removes 
oxygen,  or  elements  similar  to  it,  from  its  compounds,  or 
decreases  the  valence   of  a  substance,  changing  it  from  a 
higher  to  a  lower  state  of  oxidation. 

(73)  (a)  See  Art. 
(b)  SO, 
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(74)  (a)  and  (/;)   See  Art.  16. 

(75)  The  antiseptic   or  antizymotic   property  of  a  sub- 
stance is  that  property  which  prevents  or  destroys  putre- 
faction. 

(.76)     (a)  See  Art.  54,  and  Fig.  28. 

(b)  NaCl  +  H^SOi  =  HCl  + 
or  with  the  application  of  heat, 


(77)  (a)  See  Art.  123. 
(b)  See  Art.  129. 

(78)  See  Art.  47. 

(79)  See  Art.  11. 

(80)  A  suitable  freezing  mixture  is  prepared  by  mixing 
2  parts  of  ice  with  1  part  of  ordinary  salt. 

(81)  See  Art.  1O5. 

(82)  See  Art.   14,  Experiment  17. 

(83)  (a)  See  Art.  77. 

(b)  See  Arts.  76  and  77. 

(84)  See  Art.  126. 

(85)  See  Art.  128. 

(86)  See  Art.  1O9. 

(87)  See  ozone,  Arts.  13  and  16. 

(88)  See  Art.   127. 

(89)  SO^  is  obtained  according  to  the  equation 


64       64  128 

Using  formula  1O,  Theoretical  Chemistry, 

Wm 

w:    -JT> 

and  substituting  the  known  values,  we  obtain 

10x128 
w  =  —  -7  —  =  20  grams  of  S  <9a.     Ans. 
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(PART  2.) 


(1) 

calcium       boric       sulphuric          calcium  Viter 

fluoride      oxide  acid  sulphate  fluoride 

(2)  (a)  For  the  preparation  of  carbon  dioxide  see  Art, 
119. 

(6)  CaCO,  =  CaO+COt 

100  56  44 

Using  formula  6,  Art.  84,  Theoretical  Chemistry, 

m  X}' 

~~air" 

100X504  ,      .  . 

we  obtain  z  =  j^ —  1»3^Q  grams  of  calcium  carbon- 
ate.    Ans. 

Or,  CaCO^  +  1HCI  =  Ca  67,  +  //.  O  +  6^ 

100    '  73  111  18  44 

£  =  -         — • —  =  1,350  grams  of  calcium  carbonate.     Ans. 
44 

(3)  See  Table  1,  Art.  7. 

(4)  (a)  Using  formula  29  Art.  82,  Theoretical  Chemistry, 

mx 

n  =. 


100  a' 
and  substituting  the  known  values,  we  obtain 

108X25.93        OA,  108X74.07 

«  100X14        :2^'  100X16 

Its  formula,  therefore,  is  N^O^.     Ans. 

(/;)     Nitric  oxide,  etc.     See  Art.  32. 

§  7 
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(5)     Calcium  carbonate  has  the  formula 

CaCO, 

40  +  12  +  48 

100  molecular  weight, 

which  shows  that  calcium  carbonate  contains 400  of  calcium; 
hence,  1,000  kilograms  of  CaCO^  must  contain  400  kilograms 
of  calcium.  Ans. 

(G)     See  Art.  148. 

(7)  Ammonia  has  the  formula  NH^  and  a  molecular 
weight  of  17.  Using  formula  1,  Art.  81,  Theoretical 
Chemistry, 

100X 
we  obtain         x  — 


(8)  See  Art.  3. 

(9)  Cyanogen;    the   specific   gravity   and    characteristic 
odor  are  mentioned  in  Art.  155,  and  the  density  is  given 
(in  Italics)  below  the  heading  ''Cyanogen." 

(10)  See  Art.  134. 

(11)  CuHAsO,. 

(12)  See  Art.  46. 

(13)  One  liter  of  nitrogen,  i.  e.,  1,000  c.  c.,  weighs  1.255 
grams;  250  c.  c.  must,  therefore,  weigh  .31375  gram.     Ans. 

(14)  (a)  See  Art.  1O5. 
(b)   See  Art.  1O6. 

(15)  SiCl<  +  4//26>  =  H£iO<  +  ±HCl. 
(1(5)     See  Art.  8. 

(17)  (OH)H^N. 

(18)  H^NaPO^  dihydrosodium  phosphate. 

^     hydrocalcium  phosphate, 
bismuth  phosphate. 
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(10)     (a)  Arsenate  of  soda,  N 

(b)   Calcium  arsenate,  CaHAsO^lAq. 

(20)  See  Art.  114. 

(21)  See  Art.  141. 

(22)  Carbon  disulphide  is  formed  according1  to  the  equa- 


tion: 


24       128  152 

Using  formula  8,  Art.  85,  Theoretical  Chemistry, 


m 
and  substituting  the  proper  values,  we  obtain 

,,,       64X76 

W  •=.          .  —  =  64  grams  or  o.      Ans. 

(23)  Borax  has  the  formula  Na^Bfl^,  its  molecular 
weight,  consequently,  is  202.  Using  formula  1,  Art.  81, 
Theoretical  Chemistry, 

100  an 

x  —  , 

m 

we  obtain 

100  X  23  X  2 

x- 


100X16X7  . 

x  =  -  —  =  55.45$  O.     Ans. 


(24)  H^PO^  is  phosphoric  acid.    See  Art.  59  for  its  prop- 
erties.    PH%  is  phosphine.      See  Art.  54  for  its  properties. 

(25)  Nitrogen  dioxide  is  obtained  according  to  the  equa- 
tion: 

ZCu+SffNO,  =  3Cu(NO&  +  N,Ot+4fftO 

189  504  561  60  72 

and,  as  1  liter  of  nitrogen  dioxide  weighs  1.  33  grams,  100 
liters  weigh  133  grams. 

As  60  :  189  ::  133  :  418.95 

so  is  60  ;  504  ;:  133  :  1,117.2 
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from  which  it  follows  that,  in  order  to  produce  100  liters  of 
nitrogen  dioxide,  418.05  grams  of  copper  and  1,117.2  grams 
of  nitric  acid  are  required.  Ans. 

(26)  See  Art.  38. 

(27)  .(a)  and  (b)  See  Art.  74. 

(28)  See  Art.  9O. 

(29)  See  Art.  131. 

(30)  (a)  See  Art.  1O2. 
(b)   See  Art.  1O3. 

(31)  See  Art.  138. 

(32)  See  Art.  154,  Experiment  41. 

(33)  Carbon  dioxide  is  formed  according  to  the  equation: 

c+o.= 


. 

12       32  44 


Using  formula  5,  Art.  84,  Theoretical  Chemistry, 


and  substituting  the  proper  values,  we  obtain 

44X48 

y  —  -         -  =  170  grams  of  CO^.     Ans. 
\<i 

(34)  See  Art.  14. 

(35)  See  Art.  15. 

(36)  Nitrogen,  with  which  oxygen  is  mixed  in  air,  is  a 
very  inert  gas,  and  does  not  support  combustion. 

(37)  See  Art.  78. 

(38)  From  the  question,  there  are  23  grams  of  O  in  100 
grams  of  air.     The  chemical  action  when  P  burns  in  O  is 
represented  in  the  following  equation  : 

2/^+5(9  =  PtOb 
62         80  142 

To  burn  80  by  weight  of  O,  62  of  P  are  required  ;  then, 
the  number  of  grams  of  P  required  to  burn  23  grams  of  O  is 
determined  by  the  proportion 

80  :  23  ::  62  :  17.8.     Ans. 


INORGANIC  CHEMISTRY. 


(3!)) 

(40)  CuO+  CO  =  Cu  +  COf 

(41)  C+0.=  CO,. 

12       32  44 

As  12  parts  of  C  require  32  parts  of  0,  1,000  kilograms 
will  require  2,666.6  kilograms  of  O\  and,  as  1  liter  of  oxygen, 
i.  e.,  1  cubic  decimeter,  weighs  1.429  grams,  1,000  cubic  deci- 
meters, or  1  cubic  meter,  weigh  1,429  grams,  or 

1.429  kilograms  of  O    —  1  cubic  meter; 
hence,    2,666.6  kilograms  of  O  —  1,866.06  cubic  meters.   Ans. 

(42)  Ammonia  is  formed  according  to  the  equation  : 

%NH£l+CaO  =  CaCl^  +  HjO  +  ^NHi 

107  56  111  18  34 

Employing  formula  8,  Art.  85,  Theoretical  Chemistry, 


m 

and  substituting  the  proper  values  (necessarily  taking  34 
for  m),  we  obtain 

W  =  5Gx59  =  97.17  grams  of  CaO.     Ans. 
64i 

(43)  The  formula  of  ethylene  gas  is  Hf^\  its  molecular 
weight  is  28.     Using  formula  1,  Art.  81,  Theoretical  Chem- 

istry, 

100  an 

we  obtain  10oxlx4    * 

^^  100X1X4  =  u>2Wof  ^ 

/CO 

„       100X12X2  t  ~ 

C  =  -  ^  -  =  85.  72^  of  C. 

/CO 

(44)  See  Art.  122,  Theoretical  Chemistry,  and  Art.  142, 
of  this  paper. 

(45)  See  Art.  157. 

(46)  Si  +  SHCl  =  SiHCl^  +  772. 

(47)  Referring  to  Art.  14,  it  will  be  seen  that  (a)  at  0° 
one  volume  of  water  absorbs  1,149  volumes  of  ammonia  gas; 
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consequently,  3.92  liters  will  absorb  4,504.08  liters;  (b)  at 
15°  one  volume  of  water  absorbs  783  volumes  of  ammonia 
gas,  or  3.92  liters  will  absorb  3,069.36  liters. 

(48)     Nfl,  or  hyponitrous  oxide,  is  prepared  according  to 
the  following  equation  (see  Art.  24)  : 


630  260  44  756  90 

Using  formula  1C,  Art.  85,  Theoretical  Chemistry, 

Wm 

and  substituting  the  proper  values,  we  obtain 

44  y  1 
w  =  '      *     =  .169  kilogram  of  N9O; 

and,  as  1.97  grams  of  hyponitrous  oxide  occupy  the  volume 
of  1  liter,  .109  kilo,  or  169  grams,  occupy  the  volume  of 
85.  787  liters.  Ans. 

(49)  See  Art.  4O. 

(50)  See  Arts.  47  and  48. 

(51)  The  best  antidotes,  in  case  of  poisoning  from  arsenic, 
are  freshly  prepared  ferric  or  magnesic  hydrate,  which  form 
insoluble  compounds  with  the  arsenic  and  thus  render  this 
poison  comparatively  harmless. 

(52)  See  Art.  94. 

(53)  Carbon  monoxide  is  obtained  from  oxalic  acid  accord- 
ing to  the  equation  : 


90  18  44          28 

Using  formula  1C,  Art.  85,  Theoretical  Chemistry, 

Wm 

W--''^T> 

and  substituting  the  known  values,  we  obtain 

100X28 

—  —  —  —  31.11  grams  of  CO. 
9U 

1.25  grams  of  CO  occupy  the  volume  of  1  liter;  and,  conse- 
quently, 31.  11  grams  occupy  the  volume  of  24.88  liters,    Ans. 
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(54)  See  Art.  156. 

(55)  Nitric  acid  is  obtained  by  the  action  of  sulphuric  acid 
on  sodium  nitrate,  according  to  the  equation: 


85  98  63  120 

Using  formula  1O,  Art.  85,  Theoretical  Chemistry, 

Wm 


and  substituting  the  known  values,  we  obtain 

63X170 

w  =  —  —  -  =  120  grams  or  nitric  acid.     Ans. 
o5 

(56)  As  100  c.  c.  of  ammonia  give  200  c.  c.  of  a  mixture 
of  hydrogen  and  nitrogen,  i.  e.,  150  c.  c.  of  H  and  50  c.  c.  of 
N  (see  Art.  17),  250  c.  c.  of  ammonia,  on  being  decomposed 
by  electric  sparks,  will  give  500  c.  c.  of  mixed  gases. 

(57)  Phosphorus  pentoxide  is  obtained  synthetically  by 
burning  phosphorus  in  oxygen,  according  to  the  equation: 


124        160  284 

Using  formula  5  or  formula  1O,  Arts.  84  and  85,  Theo- 
retical Chemistry, 


and  substituting  the  known  values,  we  obtain 

284  X  793 
y  =  —  --J-T  —  ==  1,816.22  grams  of  phosphorus  pentoxide. 

Ans. 

(58)  (a)  See  Art.  39. 

(b)     Two  hundred  and  fifty  c.  c.  of  nitric  acid  and  750  c.  c. 
of  hydrochloric  acid. 

(59)  See  Arts.  58  and  59. 

(60)  See  Art.  1OO. 

(61)  Carbonic  acid  is  a  dibasic  acid,  because  it  contains 
two  replaceable  atoms  of  //. 

(62)  See  Art.  144. 
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(63)     See  Art.  165. 
(04)     The  equations  are 


73  65  130  2 

ZHCl+CaCO,  =  CaCl^  +  H^O 

73  100  111  18  44 

An  inspection  of  the  equation  shows  that  2  molecules  of  the 
hydrochloric  acid  cause,  respectively,  the  evolution  of  1  mole- 
cule of  hydrogen  //2  and  1  molecule  of  carbon  dioxide;  and 
the  volume  of  gases  must,  according  to  Avogadro's  law,  be 
the  same,  and  must  be  one-half  the  volume  of  the  hydro- 
chloric acid  used. 

As  1  liter  of  hydrochloric  acid  weighs  1.03  grams,  10  grams 
occupy  6.135  liters,  and  the  hydrogen  and  carbon  dioxide 
evolved  each  'occupy  3.0075  liters.  Ans. 

(05)  See  Art.  41. 

(00)  See  Art.  71. 

(07)  See  Art.~lO9. 

(08)  See  Art.  ISO. 

(00)  Cyanogen  is  prepared  from  cyanide  of  mercury, 
according  to  the  equation  : 


252  200  52 

Using  formula  6,  Art.  84,  Theoretical  Chemistry, 

m  xy 
-^T' 

and  substituting  the  known  values,  we  obtain 

OK9  xy   KA 

s  =  ^^—  =  242.308  grams.     Ans. 

O/v 

(70)  N.fl,  28  parts  of  N  and  10  parts  of  O. 
Nflv  28  parts  of  A^  and  32  parts  of  O. 
N.fl.^  28  parts  of  A^  and  48  parts  of  O. 
Ar2<94,  28  parts  of  N  and  04  parts  of  O. 
A^  <96,  28  parts  of  A^  and  80  parts  of  O. 
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(71)     ((i)  The  formula  of  phosphine  is  H^P. 

(b)  See  Art.  53. 

(c)  The  reaction  —  a  somewhat  complicated  one  —  may  be 
expressed  thus: 


(72)  No;  the  reason  for  this  is  given  in  that  part  of  Art 
43  which  refers  to  Experiment  5. 

(73)  Whether  this  white  powder  is  arsenious  oxide,  or  at 
least  contains  some,  may  be  ascertained  by  sprinkling  it  upon 
a  red-hot  coal.     If  a  garlic-like  odor  is  perceptible,  this  may 
be  taken  as  an  indication  that  the  powder  in  question  con- 
tains arsenious  oxide. 

(74)  From  the  given  equation: 


we  find  that  1  volume  of  marsh  gas  requires  2  volumes  of  oxy- 
gen; therefore,  100  measures  will  require  200  measures  of 
pure  oxygen.  Air  contains  21$,  by  volume,  of  oxygen;  there- 

fore, 

21  :  200  ::  100  :  952  volumes  of  pure  air. 

(75)     (a)  See  Art  111. 
(d)   See  Art.  112. 

(70)     Carbon  disulphide  is  obtained  according  to  the  fol- 
lowing equation  : 


24       128  152 

1  liter  of  carbon-disulphide  vapor  weighs  3.40  grams;  the 
desired  1.25  liters,  consequently,  weigh  4.25  grams.  Using 
formula  8,  Art.  85,  Theoretical  Chemistry, 

„.       Mw  * 
W  =  -  . 

m  ' 
and  substituting  the  proper  values,  we  obtain 


W  =  '       =  3.578  grams  of  5.     Ans. 

152 


*  In  stating  these  formulas  in  Theoretical  Chemistry,  it  has,  of 
course,  been  assumed  that  each  molecule  of  the  factor  yielded  one  of 
the  products.  If  in  any  reaction  this  is  not  true,  then  M  and  ;//  must 
represent  the  sum  of  the  molecular  weights  expressed  in  the  equation. 
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(77)  Hyponitrous  oxide,  also  known  as  "  laughing  gas,  " 
is  widely  used  in  surgery  and  dentistry  (see  Art.  25). 

(78)  See  Art.  7O. 

(79)  Methane  is  obtained  from  sodium  acetate  (see  Art. 
1O3)  according  to  the  equation: 


82  40  106  16 

Employing  formula  1O,  Art.  85,  Theoretical  Chemistry, 

Wm 

f]Q*          ___  _ 

M  ' 
and  substituting  the  proper  values,  we  obtain 

w  —  -  -  =  173.26  grams  of  methane; 

o/c 

and,  as  1  liter-  of  methane  weighs  .715  gram,  173.26  grams 
would  occupy  the  volume  of  242.  32  liters.     Ans. 

(80)  Carbon  monoxide  does  not  render  lime  water  milky. 

(81)  A7/2P<92. 

(82)  (a)  and  (/;)  See  Art.  162. 

(83)  NZO  is  obtained  from  ammonium  nitrate  according 
to  the  equation  : 


80  44  36 

Employing  formula  5,  Art.  84,  Theoretical  CJiemistry, 


and  substituting  the  proper  values,  we  obtain 
y  =       8()  °  =  8.25  grams; 

and,  as  1.97  grams  of  N^O  occupy  the  volume  of  1  liter,  8.25 
grams  will  occupy  the  volume  of  4.188  liters.     Ans. 

(84)  See  Art.  152. 

(85)  (a)  and  (b)  See  Art.  127. 

(c)  See  Arts.  127,  128,  129,  and  13O. 

(86)  See  Art.  12O. 
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(87)  See  Art.  79. 

(88)  Either  by  subjecting-  it  to  a  pressure  of  6J  atmos- 
pheres at  10°  or  by  cooling  it  to  —  40°. 

(89)  See  Art.  45. 

(1)0)  Arsenic  disulphide,  or  realgar,  AsyS^ 
Arsenic  trisulphide,  or  orpiment,  As9S3. 
Arsenic  pentasulphide,  AszS&. 

(1)1)     (a)  See  Art.  16O. 

(b)   SiO, 

(92)  Arsenious  oxide,  AstO9. 
Arsenic  oxide,      AszO6. 

(93)  See  Art.  58  and  Experiment  13. 

(94)  See  Art.  7. 
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(1)  Sc&. 

(2)  (1)  N 

142  24  78  88 

(2)         Wa>S+  CaCO3  = 

78  100  106  72 

Using  formula  1O,  Art.  85,  Theoretical  Chemistry,   we 
obtain 

71X78 
for         («)         w  •• 


39  X  106 
w  =  --  ^  --  =  53  Kg.     Ans. 


For        (*)      ' 


834  X  106 


7o 

(3)  See  Art.  28. 

(4)  See  'Art.  2. 

(5)  See  Art.  151. 


(6)  CaC^HJ)  =  Ca(Off),+  C,fft.  One  molecule  of 
calcium  carbide  plus  2  molecules  of  water  =  1  molecule  of 
calcium  hydrate  plus  1  molecule  of  acetylene. 
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(7)  Ca(OH), 

(8)  A   saturated   solution   of   sodium    chloride   boils    at 
109.7°.     See  Art.  7O. 

(9)  See  Art.  13. 

(10)  Na,  A I    FG 

69     27.5    114 

210.5 

Using  formula  1,  Art.  81,  Theoretical  Chemistry, 

100  a  n 


and  substituting  the  proper  values,  we  obtain 
100X27.8X1 


210.5 

(11)  See  Art.  2O. 

(12)  The    spectrum   of   lithium   is   characterized   by   an 
intense  crimson  line,  having  a  wave  length  of  .0000705  mm. 

(13)  See  Art.  34. 

(14)  Acetylene  is  obtained  according  to  the  formula: 


40  +  24  (2  +  16)2 
~~64~T~3G         =  74+          26 

We  further  know  that  1  liter  of  C\fi9  weighs  1.10  grams; 
hence,  29  liters  weigh  33.04  grams. 

Employing,  now,  formula  8,  Art.  85,  Theoretical  Chem- 
istry. 


m 


we  obtain       W  =  64x^3-c4  =  82.800  g.     Ans. 

(15)     Artificial  barium  sulphate.     See  Art. 
(10)     See  Arts.  14,  15,  and  16. 
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(17)  See  Art.  46. 

(18)  Metallic    carbonates,    with    the    exception    of    the 
alkaline    carbonates,    are    insoluble    in    pure    water.       See 
Art.  38. 

(19)  See  Art.  2. 

(20)  Sodium  carbonate  has  the   formula  Na9C03  and  a 
molecular  weight  of  106. 

Using  formula  1,  Art.  81,  Tlicorctical  Chemistry, 

100  a  n 


we  obtain      sodium  =  10°^3X2  =--  43.396$; 

luo 

100X12X1 

carbon  = — =  11.321$; 

100X16X3 

oxygen  =  -  -  =  45.283$.     Ans. 

100 

(21)  NH^HCO,. 

(22)  Valence  II. 

(23)  See  Art.  42. 

(25)  See  Art  17O. 

(26)  See  Art.  2. 

(27)  Symbol    In.      Atomic    weight    113.4.     Valence    II 
and  III. 

(28)  Barium  occurs  in  nature  as  barium  carbonate  in  the 
mineral  withcrite,  and  as  barium  sulphate  in  heavy  spar,  or 
barites.     See  Art.  1O4. 

(29)  See  Art.  26. 

(30)  Magnesia,   or   magnesium   oxide,  has   the    formula 
MgO. 
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(31)  CaCO,  =  CO^+CaO 

100  44  56 

Using  formula  1O,  Art.  85,  TJicorctical  Chemistry, 

Wm 
W  ~     M 


(32)  See  Art.  84. 

(33)  See  Art.  13. 

(34)  G-Of 

(35)  Symbol  Li.     Atomic  weight  7.01.      For  its  proper- 
ties see  Art.  98. 

(36)  (a)  and  (b)  See  Art.  39. 

(37)  KfO%  +  H£<Hfl.  =  KHCJtfl.  +  KHCOV 

(38)  (a)  and  (b)  See  Art.  17. 

(39)  (a)  Zinc  blende  has  the  formula  ZnS,  and  a  molec- 
ular weight  of  97.     Employing  formula  1,  Art.  81,  Theo- 

retical Chemistry* 

\Wcin 

<\*     -     _ 

m     ' 

100X65X1        cfyv       A 
we  obtain         x  =  --  -—    -  =  67.     Ans. 


(b)     Smithsonite  has  the  formula  ZnCO^  and  a  molecular 
weight  of  125.     Employing  the  same  formula,  we  obtain 

100X65X1          0//       A 

x  —  -  —  —  -  =:  52^.      Ans. 
125 

(40)  A  1C  I,  or  Al.fl,. 

(41)  See  Art.  8. 

(42)  The  name  caesium  has  been  derived  from  the  Latin 
ccesius  (sky  blue),  and  has  reference  to  the  two  bright  blue 
lines  which  distinguish  the  spectrum  of  this  metal. 

(43)  See  Art.  151. 

(44)  Yes;  see  Art.  33. 
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(45)  Strontianite  has  the  formula  SrCO^  and,  therefore, 
contains  32.61  per  cent,  of  oxygen.     Wither!  te  has  the  for- 
mula BaCO^  and  contains  24.39  per  cent,  of  oxygen.     Stron- 
tianite, therefore,  contains  8.22  per  cent,  more  oxygen  than 
witherite. 

(46)  (a)  900  parts  of  gold, 

100  parts  of  copper. 
(£)   90  to  95  parts  of  copper, 

10  to  5  parts  of  aluminum. 
(c)   100  parts  of  tin, 

8  parts  of  antimony, 

1  part  of  bismuth, 

4  parts  of  copper. 

(47)  See  Art.  26. 

(48)  See  Art  68. 


(49)         K£O^+Ca(OH\  = 

138  74  100  112 


If  138  Kg.  of  KfO^  yield  112  Kg.  of  KOH,  69  Kg.  of 
fO^  will  yield  56  Kg.  of  KOH.     Ans. 

(50)     See  Art  149. 

(5  1  )     Calcium  hydrate  is  obtained  according  to  the  equation  : 

CaO  +  H^O  =  Ca(OH\ 

56  18  74 

Using  formula  1C,  Art.  85,  Theoretical  Chemistry, 

Wm 


M  ' 

and  substituting  the  proper  values,  we  obtain 
250  X  74 


oo 

(52)  Rubidium  was  discovered  by  Bunsen  in  1860  in  the 
waters  of  the  Durckheim  Springs. 

(53)  See  Art  11. 

(54)  Aluminum  oxide  occurs  in  nature  as  the  minerals 
corundum,  ruby,  and  sapphire.     See  Art.  169. 
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(55)     (a)  and  (If)  See  Art.  43. 

(56) 

(57) 

(58)  All  metallic  sulphates  are  soluble  in  water,  except 
those   of  barium,    strontium,    and   lead,    which   are   almost 
entirely  insoluble,  and  those  of  silver  and  calcium,  as  well 
as  mercurous  sulphate,  which  are  only  slightly  soluble  in 
water.     See  Art.  35. 

(59)  (a)  and  (b)  See  Art.   1O6. 

(GO)  Common  salt  has  the  formula  NaCl,  and  its  molec- 
ular weight  is  58.5.  Using  formula  1,  Art.  81,  Theoretical 
Chemistry  )  we^  obtain 


sodium  =  =  30.32*; 

Oo.  0 

100X35.5X1 
chlorine  =  -  -  =  60.68$.     Ans. 

58.  5 

(61)  See  Art.  22. 

(62)  See  Arts.  32  and  33. 

(63)  See  Art.  43. 

(64)  MgSO^H^O^Aq. 

(65)  See  Art.  127. 

(66)  The  formula  of  borax  is  NaJZfl,,  and  its  molecular 
weight   is   202.     Using   formula    1,    Art.    81,    Theoretical 
Chemistry, 

IQOrtM 
~^7~' 
we  obtain 

100X23X2  _0. 

sodium  =  -  -  =  22.772$; 


100X11X4 
boron  =  -  -  =  21.782$; 


100X16X7 

oxygen  =  -  —  —  —  -  =  55.446$.     Ans. 
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(07)  Silicic  oxide  has  the  formula  SiO9  and  a  molecular 
weight  of  GO.  Aluminum  oxide  has  the  formula  Al^O^  and 
a  molecular  weight  of  103.  Employing  formula  2,  Art.  82, 
Theoretical  Chemistry, 

mx 
''  100*' 

168X86.8 

we  obtain  n  --      ^^       =  1, 

1G3X63.2 
'100X103   ==1; 

or,  in  other  words,  the  mineral  fibrolite  contains  1  molecule 
of  silicic  oxide  and  1  molecule  of  aluminum  oxide,  hence  its 
formula  is  SiOAlO  Ans. 


(OS)     See  Art.  12. 
(GO)     See  Art.  27. 

(70)  Symbol  Ca.     Atomic  weight  39.9.     Valence  II. 

(71)  Using  formula  2,  Art.  82,  Theoretical  Chemistry, 

in  x 


and  .substituting  the  proper  values,  we  obtain 

246X9.70 


24X100 


240X13.01 
Sulphur=        32X100 

246X26.01 
°Xygen=        16X100        :4; 

246X51.22 
18X100        l7' 

Hence,  the  formula  of  this  salt  must  be  MgSO^H^O,  and 
its  name  is  Epsom  salt. 

(72)  See  Art.  55. 

(73)  Potassium.     See  Art.  18. 
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(74)  See  Art.  36. 

(75)  See  Art.  42. 

(70)  Caesium  was  discovered  simultaneously  with  rubid- 
ium by  Bunscn  in  I860  (see  Art.  1OO),  and  was  obtained 
in  the  pure  state  by  Sctterberg  in  1882.  See  Art.  1O2. 

(77)  See  Art.  169. 

(78)  See  Arts.  23  and  24. 

(79)  BaO^. 

(80)  Potassium  chlorate  is  formed  (see. Art.  57)  accord- 
ing to  the  equation : 

3  a,  +  QKOH  =  KCIO^  +  5KCS+  3//2<9 
213  336  122.5  372.5  54 

Using  formula  8,  Art.  85,  Theoretical  Chemistry,  and 
substituting  the  proper  values,  we  obtain 

,  v      u/       35.5X6X336 

(a)      W  = ^-5 =  584.23  Kg.     Ans. 

,,,       35.5X6X200 
(  *  "       122.5       "  =  347'76  g'     AnS< 

(81)  See  Art.  1OO. 

(82)  See  Art.  131. 

(83)  See  Art.  87. 

(84)  The    alkaline    sulphides,     and    those    of     calcium, 
barium,  and  strontium,  are  soluble  in  water. 

(85)  See  Arts.  159-164. 

(86)  See  Art.  19. 

(87)  See  Art.  45. 

(88)  Barium  chlorate  has  the  formula  Ba(ClO^#  and  a 
molecular    weight    of    304.      Using    formula    1,   Art.    81, 

.  Theoretical  Chemistry, 

100  a  n 

J4-      —  . 

m 
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and  substituting  the  proper  values,  we  obtain 

137X100 
barium,  x  —  —  —  -     -  =  45.07$; 

OU-i 

35.5X2X100 
chlorine,  x  —  - 


16X6X100 
oxygen,  x  —  --    j  --  =  31.58$.    Ans. 


(89)     (a)  and  (b)  See  Art.  48." 


INORGANIC  CHEMISTRY. 

(PART  4.) 


(1)  HNbOv 

(2)  See  Art.  214. 

(3)  See  Art.  2. 

(4)  Niccolite  has  the  formula  NiAs;  its  molecular  weight, 
therefore,  is  133.5.     Using-  formula  1,  Art.  81,  Theoretical 

Chemistry, 

100  a  u 
x  —  -      — , 
m 

100X58.6X1  _       A 

we  find  nickel  —  x  —  -  -  -  —  43.9Q#.     Ans. 

1 0  0 .  0 

(5)  Stannous  chloride  has  the  formula  SnCl^  and  a  molec- 
ular weight  of  189.     Using  formula  1,  Art.  81,  Theoreti- 
cal Chemistry , 

100  an 


in 

we  find  that  stannous  chloride  contains  37.50$  of  chlorine, 
or  .3756  gram  of  chlorine  in  1  gram  of  stannous  chloride. 
3.17  grams  of  chlorine  occupy  1  liter;  hence,  .3756  gram  of 
chlorine  occupies  the  volume  of  .1185  liter,  or  118.5  cubic 
centimeters. 

(6)  See  Art.  16O. 

(7)  See  Art.  191. 
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(8)     Cobaltous  nitrate  is  formed  according  to  the  equa- 
tion : 


74.5  126  182.5  18 

Using  formula  6,  Art.  84,  Theoretical  Chemistry  ', 


an 
and  substituting  the  proper  values,  we  obtain 

74.5X36 

-ISO"     :   14'G9g-     AnS' 

(<))     Chrome  alum  is  formed  according  to  the  equation: 


295  98  192  567  18 

(a)     Using   formula  6,  Art.  84,    Theoretical   Chemistry  , 
and  substituting  the  proper  values,  we  obtain 


Kfr.O,  =  *  =  =  519.24  g.     An, 

OU  i 


J/,SO.  =  *  =        50          =  172.5  g.     Ans. 

(b)     The  solution  of  this  question  may  be  easily  derived  by 
simple  proportion;  that  is, 

5G7  :  18  =  998  :  .r  =  31.682  g.  H^O.     Ans. 

(10)  See  Art.  177. 

(11)  Fe.fl, 

(12)  Silver  nitrate  has  the  formula  AgNO^  and  a  molec- 
ular weight  of  170.     Using  formula   1,  Art.  81,  Theoreti- 
cal Chemistry  y 

100  an 

x  =  ^r> 

and  substituting  the  proper  values,  we  obtain 

100x108x1 
x  —  -  —  -  =.  63.53$  silver.     Ans. 
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(13)  CoaO4or  CoO,CotOt. 

(14)  See  Art.  2O6. 

(15)  See  Art.  32. 

(16)  GeClr 

(17)  (a)  KfrO, 


(18)  See  Art.  168. 

(19)  See  Art.  16. 

(20)  See  Arts.  86  and  87. 

(21)  See  Art.  146. 

22952  24'  153  *          138    '        28 

Using  formula  5,  Art.  84,  Theoretical  Chemistry, 

anxz 

and  substituting  the  proper  values,  we  obtain 

153X853 
'  =  -^95-      :442'4g-     AnS' 

(23)     Red  hematite  has  the  formula  Feft^ 
Iron  pyrites  has  the  formula  FcS^. 
Magnetic  iron  ore  has  the  formula  /v3(94. 

Using  formula  1,  Art.  81,  Theoretical  Chemistry, 

WO  an 
~m~' 

and  substituting  the  proper  values,  we  obtain 

100  X  50  X  2 

(a)  red  hematite  =  x  =  -  -  =•  700.     Ans. 

160 

(b)  iron  pyrites  —  x  —  -  -  =  40.000.     Ans. 

(c)  magnetic  iron  ore  =  x  = — — -     -  =  72.410.     Ans. 
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(24)  Malachite  has  the  formula  CuCO^Cu(OH\  and    a 
molecular  weight  of  220;  hence,  by  proportion, 

220  :  120  =:  1,000  :  x, 

we  obtain  the  weight  of  copper  contained  in  1,000  kilograms 
of  malachite,  i.  e.,  572.73  Kg. 

(25)  PtCl4  has  a  molecular  weight  of  339.      The  formula 
then  shows,  that  in  339  grams  of  /V674,  there  are  142  grams 
of  chlorine  combined  with  197  grams  of  Pt\  and  in  1  gram 
of  PtCl^  there  is  .419  gram  of  chlorine  gas.     According  to 
Inorganic   Chemistry,    Part  1,    3.17   grams    of  chlorine   gas 
occupy  the  volume  of  1  liter,   or  1,000  cubic  centimeters, 
and,    consequently,     .419    gram    of     chlorine    will    occupy 
132.176  cubic  centimeters. 

(26)  See  Art.  114. 

(27)  See  Art.  59. 

(28)  Stannic    chloride    may   be    prepared    by   the    direct 
union  of  chlorine  and  tin  (see  Art.  118).      The  union  may 
be  expressed  by  the  equation: 

Sn+Clt  =  SnCl. 

118       142  260 

which  shows  that  142  grams  of  chlorine   are   required  to 
change  118  grams  of  tin  into  stannic  chloride. 

Chlorine  gas  is   prepared  according  to  the  equation  (see 
Art.  45,  Inorganic  Chemistry,  Part  1): 

4//6V  +  Mn  Oz  =  Mn  672  +  2ff9O  +  C19 

146  87  126  36  71 

Using  formula  6,  Art.  84,  Theoretical  Chemistry, 

z  = 


a  n 


and  substituting  the  proper  values,  we  obtain 

rj~,  140X142 

HCl  =  z  —  -  —  -  =  292  g.     Ans. 

87X142 
MnO^  =  z  —  --  —  --  =  174  g.    Ans. 


§  9  INORGANIC  CHEMISTRY.  5 

(M)     />'/,  Sl>,  Ta,  Nb,  and  V.     See  also  Art.  113. 

(30)  CuSO'^HjO. 

(31)  Let  x  represent  the  per«entage  of  Au. 
Let  y  represent  the  percentage  of  Pt. 

The  Sp.  Gr.  of  gold  is  19.33,  and  of  platinum  is  21.5. 

x-\-y  =  100$.  (1) 

19.33,r-f  2L5/  =  20x100  =  2,000.  (2) 

Multiplying  (1)  by   19.33,  and  subtracting  from   (2),   we 
have 

19.33.r  +  21.5r     =  2,000 
19.33-y-f-19.337  =  1,933 

2.17j  =    ~~67 

y  =        30.870.  Pt.     Ans. 

(32)  NH^  VO,, 

(33)  CoJiAsOfyBAf. 

(34)  See  Art.  134. 

(35)  See  Art.  75. 
(30)  See  Art.  19. 

(37)  PfgCl^  is  formed  according  to  the  equation: 

HgSO^  +  lNaCl  =  Na^O^HgCl^ 
296  117  142  271 

Using  formula  6,  Art.  84,  Theoretical  Chemistry, 


and  substituting  the  proper  values,  we  obtain 

g.     An, 
't     Ans. 


(38)  See  Art.  3O. 

(39)  Uranium  belongs  to  the  chromium  family  of  metals 
(see  Art.  91). 
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(40)  See  Art.  124. 

(41)  Manganous  sulphide  has  the  formula  J///.V;  its  molec- 
ular weight  is  87.      Using"  formula  1,  Art.  81,   TJicorctical 
C  'hcuiistry, 

WO  an 

'Y'      -      __ 
A'      -  . 

VI 

and  substituting  the  proper  values,  we  obtain 

100X55X  1 
Mn  =  x  —  -      -——   -  —  63.22#.     Ans. 

o7 

100  X  32  X  1 

S  =  x  =  -       —r—    -  —  36.78$.     Ans. 
o7 

(42)  See  Art.  2. 

(43)  MoS^. 

(44)  7>*26>4  and  Ta9Ot. 

(45)  (a)   Hg,SO<. 
(b)  HgSO, 

(46)  Stannic  chloride  is  prepared  according  to  the  equa- 
tion: 

Sn  +  ZHgCl,  =  SnCl^Hg 
118  542  260  400 

Using  formula  6,  Art.  84,  TJicorctical  Clicmistry, 


an 
and  substituting  the  proper  values,  we  obtain 

.tin.     Ans. 


(47)  See  Art.  8O. 

(48)  (a)  Ferric  chloride  (Fed.).      See  Art.  14. 

(b)     Ferric  chloride  is  formed  according  to  the  equation: 


ZCl  =  Fed, 

56      106.5         162.5 
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Using  formula  5,  Art.  84,  Theoretical  Chemistry, 


m 
and  substituting  the  proper  values,  we  obtain 

162.5X250 

y  —  -  F7f-    -  =  725.45  g.  FcClf     Ans. 
oo 

(49)  (a)  Thallie  hydroxide. 
(/;)  Thallie  sulphide. 
(c)  Thallious  chloride. 

(50)  MoClr 

(51)  WO, 

(52)  Antimonious  sulphide  has  the  formula  Sb^Sz,  and  a 
molecular  weight  of  33(5. 

Using  formula  1,  Art.  81,  Thcorc  tical  Chemistry, 

100  a  n 


m 
and  substituting  the  proper  values,  we  obtain 

100X120X2 

or  =  -  -  =  71.43$  Sb.     Ans. 

dob 

(53)  See  Art.  59. 

(54)  See  Art.  197. 

(55)  ZPbS+3O^  =  2/W  +  2S<9.2 

477  96  445  128 

Using  formula  5,  Art.  84,  Theoretical  Chemistry, 


and  substituting  the  proper  values,  we  obtain 

=  *68.34  Kg.  SO.,. 


As  2.8C  grams  occupy  the  volume  of  1  liter,  1  gram  occu- 
pies the  volume  of  .349  liter,  and  208.34  kilograms  occupy 
the  volume  of  93,G50.66  liters. 
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(50)     Hg^O  has  a  molecular  weight  of  410. 

Using  formula  1,  Art.  81,  TJicoretical  CJicmistry, 

100  an 

x  =  —     — , 
;;/ 

and  substituting  the  proper  values,  we  obtain 
100X400 


410 


=  96.15*  Hg. 


(57)  See  Art.  196. 

(58)  See  Art.  1O6. 

(59)  Na^ZrO<. 

(GO)  See  Art.  198. 

(01)  See  Art.  198. 

(02)  Silver  nitrate  may  be  formed  according  to  the  equa- 
tion: 

Ag+  HNOy  =  AgNO,  +  H 
108  63  170  1 

Using  formula  6,  Art.  84,  Theoretical  Chemistry, 

_  mxy 
"alT^ 

and  substituting  the  proper  values,  we  obtain 

108X250 

170     -  =  158. 82  g.     Ans. 

(63)     RhO,  RhO#  RhO^  and  Rh^O^. 

(04)  See  Art.  139.     6>26>3  and  CcO9. 

(05)  See  Art.  13O. 

(00)     MnO^,  manganese  dioxide. 

Mnfltf  red  oxide  of  manganese. 
MnO,  manganous  oxide. 
V  rnanganic  oxide. 
#  manganic  anhydride. 
fl,,  permanganic  anhydride. 
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(07)  (a)  and  (//)  See  Art.  178. 

(08)  (1) 
(2) 

(3)  PbS+%PbO  =  ZP 

(4)  PbS+PbSO<  =  2/^  +  2S0,. 


(69)  2^//09  +  30+  AT,0  = 

174  48  94  316 

Using  formula  5,  Art.  84,  Theoretical  Chemistry, 

a  n  X£ 


and  substituting  the  proper  values,  we  obtain 

316X1,010 
j  =  --  ^~  --  =  1,  834.2o  g.      Ans. 

(70)  See  Art.  181. 

(71)  See  Art.  124. 

(72)  Au  ft,  AuO,  and  Au^O3. 

(73)  The  specific  gravity  of  platinum  is  21.5  and  that  of 
nickel  8.6.     From  this  data  we  obtain  the  proportion 

-~  21.5  :  8.6  =  392  :  x, 

or  21.5  :  8.6  =  392  :  156.8, 

from  which  it  follows  that  a  vessel  of  the  same  shape  and 
size,  made  of  nickel,  would  weigh  156.  8  grams. 

(74)  See  Art.  38. 

(75)  In  chromic  oxide  £>2<93',  chromium  is  a  triad. 

In  chromium  dioxide  CrO^  chromium  is  a  tetrad, 
In  chromium  tri  oxide  CrO^  chromium  is  a  hexad. 
In  chromous  oxide  CrO,  chromium  is  a  dyad. 


QUALITATIVE  ANALYSIS. 

(PART  1.) 


(1)  See  Art.  1. 

(2)  (a)  Chromium;  (b)  cobalt;   (c)  manganese.     See  also 
Arts.  55,  59,  and  66. 

(3)  Aqua  regia  is  a  mixture  of  concentrate  nitric  and 
hydrochloric  acids.      See  Art.  23,  5. 

(4)  See  Art.  2. 

(5)  AgNO^  +  HCl  =  AgCl+  HNOy 

(6)  See  Art.  1O1. 

(7)  Silver,  lead,  and  mercury  in  the  mercurous  condition. 

(8)  (a)  and  (b)  See  Art.  8. 
(!))     (a)  and  (b)  See  Art.  8. 

(10)  Strontium.      See  also  Art.  73. 

(11)  Silver,  lead,  mercurous,  mercuric,  and  copper. 

(12)  See  Art.  1O8. 

(13)  Manganese.      See  Art.  67. 

(14)  Ferrous,  black;  ferric,  black;  cobalt,  black;  nickel, 
black;  chromium,  green;  manganese,  flesh  color;  aluminum, 
white;  zinc,  white. 

§10 
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(15)     Lead,  mercurotis,  barium,  strontium,  and  calcium. 

(10)  Both  metals  are  precipitated  by  sodium  hydrate,  and 
the  precipitate  is  dissolved  in  an  excess  of  the  reagent. 
From  this  solution  aluminum  is  reprecipitated  by  ammonium 
chloride,  but  not  by  hydrogen  sulphide;  while  zinc  is  repre- 
cipitated by  hydrogen  sulphide,  but  not  by  ammonium  chlo- 
ride. See  Arts.  52,  2  and  63,  2. 

Another  good  method  of  distinguishing  between  them  is 
to  add  ammonium  chloride  and  ammonium  hydrate  to  the 
solution.  Aluminum  will  thus  be  precipitated  from  this 
solution,  while  zinc  will  not. 


(17)  BaCl^  +  H^SOi  =  BaSO<+%HCL 

(18)  See  Art.  92. 

(19)  (a)  and  (b)  See  Art.  4. 

(20)  See  Art.  94. 

(21)  Heating  with  concentrate  sulphuric  acid.     See  Art. 
127. 

(22)  A  sulphide.      See  Art.  4. 

(23)  Aluminum  and  chromium. 

(24)  See  Art.  146,  2. 

(25)  See  Art.  93. 

(26)  Antimony,  stannous,  stannic,  ferric,  and  aluminum. 

(27)  Heating  with  sodium  hydrate.      See  Art.  81,3. 

(28)  Bismuth  and  antimony. 

(29)  Cadmium,  arsenious,   arsenic,    and   stannic.      Some- 
times the  sulphide  of  antimony  has  a  yellowish  color. 

(30)  See  Art.  94. 

(31)  See  Art.  145. 

(32)  See  Arts.  58,  6  and  1O4. 
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(33)     (a)  Red. 


(34)  This  indicates  that  the  compound  is  a  salt  of  one  of 
the  acids  of  sulphur. 

(35)  If  a  solution  of  calcium  sulphate  is  added,  barium, 
if  present,  will  be  precipitated  at  once,  strontium  after  a 
little  time,  and  calcium  will  not  be  precipitated  at  all.     The 
solution  may  be  made  very  dilute,  and  sulphuric  acid  used, 
instead  of  calcium  sulphate,   with  the  same   results.     The 
colors  imparted  to  the  flame  serve  well  to  distinguish  between 
them;  or,   they  may  be  identified  by  the  method  used  to 
separate  them.     See  Art.  1O5. 

(36)  See  Art.  146,  8. 

(37)  Only  manganese  and  zinc  or  one  of  these  metals 
can  be  present. 

(38)  MgSO,  +  Na^HPO^  +  NHftH 

magnesium          sodium  ammonium 

sulphate          phosphate  hydrate 

=  MgNHfO,  +  NatS04  +  HJ) 
magnesium  d 


(a)  Ag^O,  brown. 
(d)  Pb(OH\,  white. 
W   Hg&  black. 

(d)  HgO,  yellow. 

(e)  Cu(OH\,  blue. 

(40)  Yellowish  green. 

(41)  See  Art.  25,  5.     The  intermediate  colors  may  not 
be  seen  unless  the  reagent  is  added  carefully,  but  the  white 
and  the  black  precipitates  are  always  seen. 

(42)  Oxalic  acid.     See  Art.  126,  4. 

(43)  From  acid  solutions,  copper  is  precipitated  by  hydro- 
gen sulphide,  while  nickel  is  not. 
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(44)  See  Arts.  118,  1  and  14G,  11. 

(45)  2NazHAsO3  +  3^aS  +  4//6Y 


sodium 
arsenite 

hydrogen 
sulphide 

uy  in  i; 
acid 

arsenious 
sulphide 

sodium 
chloride 

0//26> 
water 

(46)  Aluminum  and  zinc.      Manganese  gives  a  light-col- 
ored precipitate,  but  it  is  not  white. 

(47)  By  the  addition  of  an  oxidizing  agent,  such  as  nitric 
acid,  bromine  water,  a  permanganate,  etc. 

(48)  To  hold  the  metals  of  the  succeeding  groups  in  solu- 
tion. 

(49)  The  alkalies  and  alkaline  earths. 

(50)  Mercury,  arsenic,  tin,  and  iron.     In  one  sense  chro- 
mium also  forms  two  series  of  salts,  as  it  acts  both  as  a  base 
and  an  acid,  forming  chromium  salts  and  chromates.     The 
same  may  be  said  of  manganese. 

(51)  (a)  The  sharp,  disagreeable  odor  of  acetic  acid. 
(b)  The  pleasant  odor  of  acetic  ether. 

(52)  Lead  and  mercury. 

(53)  (a)  Yellow  arsenious  sulphide  AsyS3. 

(b)  Ammonia,  ammonium  sulphide,  ammonium  carbon- 
ate, and  hot  concentrate  nitric  or  sulphuric  acid,  but  is 
insoluble  in  hydrochloric  acid. 

(54)  fff,(XO,),  +  4H,SO,  =  Hgt  +  4f/,SO.  +  2JVQ. 


(55)  It  fuses  easily  to  a  bright,  metallic  globiile,  giving 
the  flame  a  pale,  bluish  tinge,  and  deposits  a  yellow  volatile 
incrustation  on  the  charcoal. 

(56)  Cadmium. 

(57)  See  Arts.  Ill  and  146,  1. 

(58)  Arsenic,  or  one  of  its  compounds. 


10 


QUALITATIVE  ANALYSIS. 


(50)     (c?)  White  barium  sulphate 

(/;)   White  barium  thiosulphate  BaSzO.A. 
(c)  White  barium  sulphite 


(60)  When  treated  with  hydrochloric  acid,  barium  sul- 
phate is  not  attacked  ;  barium  thiosulphate  dissolves,  giving 
off  sulphur  dioxide  and  throwing  out  free  sulphur,  which 
gives  the  liquid  a  yellowish  color;  and  barium  sulphite  dis- 
solves with  the  evolution  of  sulphur  dioxide. 

(61)  Chromic  acid  and  chromates  are  generally  reduced 
by  heating  with  hydrochloric  acid  and  alcohol,  or  with  sul- 
phurous acid  ;  but  other  reducing  agents  may  be  used. 

(62)  (a]  Black   mercuric    sulphide    HgS,    together   with 
some  free  mercury. 

(/;)     It  dissolves  slowly  in  hot  concentrate  hydrochloric 
acid,  and  readily  in  aqua  regia. 

(63)  See  Art.  9. 


(65) 
(66) 
(67) 

(68) 

(69) 
(70) 

(71) 
(7*) 
(73) 
(74) 


These  solutions  should  be  tested  for  single  metals. 
[  They  are  intended  to  test  the  student's  knowledge 
of  the  section  on  the  "Deportment  of  the  Metals 
with  Reagents.'* 


These  solutions  should  be  treated  as  directed  for 

the  "Analysis  of  Mixed  Solutions."     No.  60  does 

^  not  contain  members  of  Division  B  of  Group  II, 

and  No.  70  does  not  contain  members  of  Division  A 

of  Group  II. 

Each  of  these  compounds  contains  one  metal  and 
one  acid.  The  metal  should  be  determined  by 
making  use  of  the  reactions  described  under 
"Deportment  of  the  Metals  with  Reagents,"  and 
the  acid  by  means  of  the  reactions  described  for 


(75)   J  the  common  acids. 
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(PART  2.) 


(1)  See  Art.  1. 

(2)  (a)  A   compound   of   tin,    aluminum,   zinc,   barium, 
strontium,  calcium,  magnesium,  silica,  or  possibly  a  silicate. 

(b)  A  drop  or  two  of  cobalt  nitrate  should  be  added,  and 
the  mass  should  be  again  heated  in  the  oxidizing  blowpipe 
flame  to  the  highest  temperature  obtainable.  See  also 
Art  18. 

(3)  Magnesium  oxide,  or  a  compound  of  magnesium  that 
has  been  reduced  to  the  oxide   on  the  charcoal.     See  also 
Art.  18. 

(4)  (a)  and  (b)  See  Art.  75. 

(5)  (a)  The  pungent  odor  of  acetic  acid. 

(b)  A  little  of  the  substance  should  next  be  heated  with 
concentrate  sulphuric  acid  and  alcohol,  when  an  acetate  if 
present  will  be  recognized  by  the  agreeable  odor  of  acetic 
ether.  See  also  Art.  24. 

(6)  The  alkaloids  are  first  divided  into  volatile  and  non- 
volatile   alkaloids.     The  non- volatile  alkaloids  are  divided 
into  three  groups,  as  follows: 

Group  I  consists  of  those  alkaloids  that  are  precipitated 
from  solutions  of  their  salts  by  sodium  hydrate,  and  dissolve 
in  an  excess  of  the  reagent.  The  common  ones  are  morphine 
and  cocaine. 
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Group  II  consists  of  those  alkaloids  that  are  precipitated 
by  sodium  hydrate,  and  are  insoluble  in  an  excess  of  the 
reagent;  and  are  also  precipitated  by  sodium  bicarbonate, 
even  from  acid  solutions.  The  common  ones  are  quinine, 
cinchonine,  and  narcotine. 

Group  III  consists  of  those  alkaloids  that  are  precipitated 
by  sodium  hydrate,  and  are  insoluble  in  an  excess  of  the 
reagent,  but  are  not  precipitated  from  acid  solutions  by 
sodium  bicarbonate.  The  most  common  ones  are  strychnine, 
brucine,  and  atropine. 

(7)  In  the  form  of  powder  or  small  crystals. 

(8)  (a)  and  (b)  See  Art.  13. 

('.))  A  salt  of  one  of  the  acids  of  sulphur. 

(10)  See  Art.  29. 

(11)  Earthy  and  alkaline  phosphates.     See  also  Art.  82. 

(12)  Nicotine  and  conine. 

(13)  See  Art.  2. 

(14)  (a)  A  nitrate  or  chlorate. 

(b)  A  chlorate.     See  also  Art.  ±2. 

(15)  If  the  substance  decrepitates,  deflagrates,  fuses,  or 
volatilizes;  if  a  metallic  globule  forms  with  an  incrustation, 
if  a  metallic  globule  forms  without  an   incrustation,  if  an 
incrustation  is  formed  without  a  metallic  globule,  if  a  white 
luminous  mass  is  formed,  if  a  colored  mass  is  formed. 

(10)     Manganese  and  chromium.     See  also  Art.  23. 

(17)  (a)  A  carbonate. 

(b)  The  gas  should  be  tested  at  the  mouth  of  the  tube 
with  a  drop  of  barium  hydrate,  and  then  a  fresh  sample 
should  be  treated  with  hydrochloric  acid,  and  the  escaping 
gas  again  tested  with  barium  hydrate.  See  also  Art.  24=. 

(18)  Its  oxide,  thoria,  is  the  chief  constituent  used  in  the 
mantle  of  the  Welsbach  light. 

(19)  (a)  and  (b)  See  Arts.  GO  and  61. 
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(20)     A  cyanide  that  is  decomposed  by  heat. 

(•>  1 )  An  ammonium  compound,  or  possibly  a  nitrogenous 
organic  compound  or  a  cyanide  containing  water.  See  also 
Art.  4. 

(22)  (a)  A  compound  of  arsenic. 

(b)  Sulphide  of  arsenic  is  indicated. 

(23)  The  substance  is  an  oxalate,  arid  is  decomposed  by 
the  sulphuric  acid,  with  the  evolution  of  carbon  monoxide 
and  carbon  dioxide. 

(24)  See  Art.  25. 

(25)  Lithium,  caesium,  and  rubidium. 

(26)  See  Art.  72.. 

(27)  (a)   It  should  be  slightly  acid. 

(b}  By  means  of  two  pieces  of  litmus  paper,  one  of  which 
is  faintly  red,  and  the  other  faintly  blue.  See  also  Art.  76. 

(28)  See  Art.  1O8. 

(29)  (a)  Some  organic  compounds  and  ferrocyanides. 

(/>)  It  may  be  recognized  by  the  blue  flame  with  which  it 
burns,  when  ignited  at  the  mouth  of  the  tube. 

(30)  Gold,   platinum,    iridium,    molybdenum,    selenium, 
and  tellurium. 

(31)  Lead,  copper,  and  zinc.      See  also  Art.  72. 

(32)  See  Art.  05. 

(33)  Quinine,  cinchonine,  and  narcotine. 

(34)  Zinc  oxide,  or  a  compound  which  is  reduced  to  zinc 
oxide  by  heat.      See  also  Art.  5. 

(35)  A  compound  of  lead. 

(3(5)  A  compound  of  barium,  copper,  thallium,  molybde- 
num, or  possibly  a  borate  or  phosphate.  See  also  Art.  21. 

(37)     See  Art.  4O,  G. 
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(38)  By  evaporating  a  sample  of  the  water  to  dryness, 
and  igniting  the  residue ;  when,  if  organic  matter  is  present, 
it  will  char,  and  generally  give  off  a  burnt  odor.      See  also 
Art.  69. 

(39)  See  Art  1O7.     Probably   heating   with    sulphuric 
acid  and  potassium  dichromate,  or  with  chromic  acid,  is  the 
most  characteristic  test. 

(40)  See  Art.  77. 

(41)  (a)  By  rendering  turbid  a  drop  of  barium  hydrate. 
(b)  A  carbonate  or  oxalate. 

(42)  It  readily   fuses    to  a  metallic  globule,   and  white 
fumes  of  the  oxide  are  given  off,  which  form  a  white  incrus- 
tation on  the  charcoal. 

(43)  The  colors  imparted  to  the  flame  by  metals  are  due 
to   highly  heated  luminous   vapors  ;    hence,   the  substance 
must  be  volatilized  before  the  flame  is  colored. 

(44)  See  Art.  1OO. 

(45)  To  determine  the  acid  of  the  compound. 

(46)  This   shows   that    the   substance    contains   arsenic, 
probably  in  the  form  of  oxide  AszO3. 

(47)  (a)  Green. 

(b)  Bright  red. 

(c)  Brick  red. 

(48)  That  the  substance  is  iodine  or  an  iodide. 

(49)  Volatile  compounds  must  be  used ;  and,  as  chlorides 
are  usually  the  most  volatile,  they  are  most  suitable  for  this 
purpose. 

(50)  (a)  and  (b)  See  Art.  67. 

(51)  The  substance  should  be  heated  with   concentrate 
nitric  acid,   which   decomposes  all  bromides   except  silver 
bromide,    setting  free   reddish-brown   vapors  of    bromine, 
which  condense  in  the  upper  part  of  the  tube,  forming  red 
globules. 
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(52)  (a)  An  organic  substance. 

(b)  Tartaric  acid  or  a  tartrate. 

(53)  See  Art.  22. 

(54)  (a)  See  Art.  47. 

(b)     Distinctive  reactions  may  be  obtained  with  the  borax 
bead,  and  by  adding  zinc  to  an  acid  solution  of  vanadium. 

(55)  See  Art  68. 

(56)  Upon  the  fact  that  sugar  is  a  reducing  a'gent,  and 
reduces  the  cupric  solution,  forming  red  cuprous  oxide  Cufl. 

(57)  (a)  and  (b)  See  Art.  GO. 

(58)  Tartaric  acid  or  a  tartrate. 

(59)  See  Art.  79. 
(GO)     See  Art.  57. 

(61)  See  Arts.  88,  89,  and  9O. 

(62)  Morphine,    cocaine,   quinine,    cinchonine,  narcotine, 
strychnine,  brucine,  and  atropine. 

(63)  (a)  and  (b)  See  Art.  81. 

(64)  (a)  and  (b)   See  Art.  1O6. 

(65)  Thallium  and  tungsten. 

(66)  (a)  and  (b)  See  Art.  77. 

(67)  (a)  and  (b)  See  Art.  46. 

(68)  The  oxidizing  agent  would  convert  the  phosphorus 
into  phosphoric  acid;  but,,  as  phosphoric  acid  is  a  normal 
constituent   of  nearly  all  animal   and  vegetable   bodies,  it 
would  be  impossible  to  say  whether  the  phosphoric  acid  thus 
found  had  come  from  oxidizing  free  phosphorus  or  not. 

NOTE. — The  substances  given  for  analysis  are  omitted  from  the  Key, 
but  the  student  will  be  told  whether  his  analyses  are  correct  or  not. 


ORGANIC  CHEMISTRY, 

(PART   1.) 


(1)  The  percentage  figures,  40,  6.6,  and  53.4,  divided  by 
their   atomic   weights   give   —  =  3.3,  —  —  =  6.6,  and  —  ^— 

-L  /w  J-  J.  0 

=  3.3.  If  this  ratio,  3.3  :  6.6  :  3.3,  is  expressed  in  its  low- 
est term,  it  becomes  1:2:1,  and  the  empirical  formula  of 
the  compound  is  CHfl.  See  Art.  59. 

(2)  See  Art.  49. 

(3)  See  Art.  77. 


(5)  (a)  ll 

(b)   See  Art.  38. 

(6)  Equal   volumes   of  different  solutions,   at  the   same 
temperature  and  osmotic  pressure,  contain  equal  numbers  of 
molecules  of  dissolved  substances.     See  also  Art.  51. 

(7)  See  Art.  76. 

(8)  See  Art.  26. 

(9)  See  Art.  96. 

(10)  See  Art.  7O. 

(11)  See  Art.  68. 
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(12)     See  Art.  41. 


.Qv  273  +  9.87         AAaa.K 

X -^ +  29. 49  z=  466.  (.15  mm.    pressure  of 


mercury  at  9.87°.      See  also  Art.  51. 


(14) 

See 

Art. 

59. 

(15) 

Cnh 

r 

(16) 

See 

Art. 

79. 

(17) 

See 

Art. 

64. 

(18) 

See 

Art. 

13. 

(19) 

See 

Art. 

47. 

(20) 
16.25°. 

x  — 
See 

536 

Art 

/d/0  +  ID.^O_                                       r>rr~~nrr     at 

/\             _  „            _  "           tJ-I-J_.UUU       J  1  1  1  1  1  ,       L/lCooLilC       c  I  L 

.  5  1  for  explanations. 

(21) 

See 

Art. 

61. 

(22) 
bons. 

Butine  belongs  to  the  acetylene  series  of  hydrocar- 

(23) 

See 

Art. 

51.     Solutions  which,  under  equal  condi- 

tions,  exert  the  same  osmotic  pressure,  are  said  to  be  iso- 
tonic. 

(24)  See  Art.  71. 

(25)  See  Art.  62. 

(26)  See  Art.  4. 

(27)  See  Art.  33. 

(28)  See  Art.  68  of  this  paper  and  Art.  1O4,  Inorganic 
Chemistry,  Part  2. 

(29)  The  percentage  figures,  56,  12,  32,  divided  by  their 
atomic  weights   give  ff  =  4.66,  \2-  =  12,   and  ff  -  2,   or 
2.33  :  6  :  1.     In  order  to  obtain  fractionless  figures,  we  mul- 
tiply by  3,  and  obtain  7  :  18  :  3,  from  which  we  take  the 
empirical  formula  of  the  compound  to  be  (77//186>3. 

(30)  The  mineral  product  known  as  petroleum,  rock  oil, 
or  naphtha. 
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(31)  Hydrocarbons  are  composed  of  carbon  and  hydrogen 
atoms  in  various  groupings. 

(32)  See  Art.  51. 

(33)  See  Art  38. 

(34)  See  Art.  8. 

(35)  CH.-C-.CH. 

(36)  See  Art.  53. 

(37)  Pentane  C5//]2,  boiling  point  36°. 
Octane  C8//18,  boiling  point  125°. 
Hexadecane  C^H^,  boiling  point  287°. 

(38)  CHHw  +  ^Hf-CnH 

(39)  See  Art.  46. 

(40)  See  Arts.  21  and  23. 

(41)  See  Art.  58. 

(42)  See  Art.  88. 

(43)  Hexane, 


Butane, 

(44)  Alcohols  are  compounds  of  C,  O,  and  H.     The  alco- 
hol molecule  is  constructed   upon  the  model  of  the  water 
molecule,  in  which  half  the  H  is  replaced  by  a  compound 
radical,  which  generally  consists  of  C  and  H. 

(45)  Using  the  formula  given  in  Art.  49, 


and  substituting  the  known  values,  we  obtain 

'       18.9x4  xlOO__ 
1.  148  X  111 

a  number  sufficiently  close  to  confirm  the  otherwise  obtained 
molecular  weight  (60)  of  urea. 

(46)     See  Art.  37. 
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(47)  See  Arts.  11  and  12. 

(48)  CuHvn_9t  (n  must  not  be  smaller  than  G). 

(49)  See  Art.  64. 

(50)  See  Arts.  71  and  72. 

(51)  See  Art.  4O. 

(52)  See  Art.  18. 

(53)  See  Art.  1O2. 

(54)  .3059    gr.    gave    .(3    gr.    CO9    and   .3040    gr.    H^O. 
Since  44  gr.  CO9  contain  12  gr.  of  C,  \\  of  .0,  or  .1036  gr., 
is  the  weight  of  C  found;    and,  since  18  gr.  Hfl  contain 
2  gr.  of  //,  T2g-  of  .3040  gr.,  or  .0338,  is  the  weight  of  //. 
The   amount   of   O  is  the  difference  between   the  original 
weight  .3059    and   the    sum  of  the   weights   of  //  and    C. 
.1630  +  .0338  =  .1974;    namely,    .1085    gr.    of    O.      Then 
the  original  compound  contained  .1636  gr.,  or  53.48$  of  C\ 
.0338  gr.,  or  11.05$  of  H  ;  .1085  gr.,  or  35.47$  of  O. 

(55)  See  Art.  22. 

(56)  See  Art.  91. 

(57)  See  Art.  71. 

(58)  .CH^CH\CHV 

(59)  Carbohydrates  are   compounds  which  contain  6,  or 
some  multiple  of  6,  atoms  of  C,  together  with  some  multiple 
of  the  group  Hfl. 

(60)  See  Art.  7O. 

(61)  Using  the  formula  given  in  Art.  49, 


and  substituting  the  proper  values,  we  obtain 

18.9X3X100  „ 

0.639X106          83'71' 
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which  is  close  enough  to  confirm  the  opinion  that  the  molec- 
ular weight  of  lactic   acid  is  DO,   and   that   its    formula   is 


(02)  See  Art.  2O. 

(03)  (1)   6V/B.//;   (2)  Hf-OH-  (:3) 

(04)  -vSee  Art.  73. 


(00)     See  Art.  1O. 

(07)  CH9  •  CH^  •  CHy    For  the  graphical  representation  see 
Fig.  18. 

(08)  See    Arts.  1O7,    1O8,  1O9,  and   lip,   Inorganic 
Chemistry,  Part  2,  and  Art.  81  of  this  Instruction  Paper. 

(09)  See  Fig.  10,  Art.  68. 

(70)     See  Arts.  1O2,  1O3,  and   1O4,  Inorganic   Chemis- 
try, Part  2,  and  Art.  73. 


(72)  Hf-CHf 

(73)  Three;  namely,  normal  pentane,  secondary  pentane 
or  isopentane,  and  tertiary  pentane  or  tetramethylmethane. 

(74)  See  Art.  5. 

(75)  See  Art.  54. 


ORGANIC  CHEMISTRY, 

(PART  2.) 


(1)  Normal  butyric  acid  has  the  formula 

For  its  preparation  see  Art.  75. 

COOH 

(2)  See  Art.  7. 

(3)  From  the  equations  showing-  the  synthetical  prepara- 
tion of  citric  acid  given  in  Art.  157,  we  see  that  58  parts 
of  acetone  and  142  parts  of  chlorine  are  necessary  to  obtain 
192  parts  of  citric  acid;  hence, 

192  :     58  =  228.39  :     68.97  grams  of  acetone; 
192  :  142  =  228.39  :  168.89  grams  of  chlorine. 
As  1   liter  of  chlorine   weighs  3.17  grams,  168.89  grams 
=  53.  28  liters.  68.97  grams  acetone.  |    . 

53.28  liters  chlorine.    ) 

(4)  Potassium   xanthate    is    formed    according    to    the 
equation  : 


46  76          .56  160  18 

Using  formula  8,  Theoretical  Chemistry, 

w  _  Mw 

m 
Substituting  the  known  values,  we  obtain 


W  =  4°  *          =  55.2  grams.     Ans. 
§  13 
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(5) 

67/3  •  OH  methyl  alcohol  CH%-CO%H  acetic  acid 

6;//5-  OH  ethyl  alcohol  6;//&-  C0a//  propionic  acid 

C\H^-OH  butyl  alcohol  Cfl^COJJ  valeric  acid 

6"8//I7  •  OH  octyl  alcohol  <^>/Ar  C09fi  pelargonic  acid 

(0)     Compounds    obtained    by    synthesis    are     optically 
inactive. 

(7)  See  Art.  128. 

(8)  Monochlor-acetic  acid. 

(<J)     Acetic   acid   CH^COJi\   carbon    dioxide    COj    and 
water  H^O. 

(10)  See  Art  11. 

(11)  See  Art.  128. 

(12)  Sodium  stearate. 

(13)  See  Art.  5. 

(14)  An  optically  active  organic  compound  is  one  which 
possesses  the  property  of  turning  the  plane  of  polarization, 
and  it  is  a  compound  which  possesses  one  or  more  asym- 
metric carbon  atoms. 

(15)  Citric  acid  has  the  formula  C,H^(OH)(COfl).,     Its 
adulteration  with  tartaric  acid  is  detected  by  adding  to  a 
citric-acid  solution  some  potassium- acetate  solution,  which 
precipitates  the  tartaric  acid,  if  present,  as  white,  crystalline 
cream  of  tartar. 

(16)  Salicylic  aldehyde,  or  oil  of  meadowsweet. 

(17)  CO.fi-  CO.tH  =  H-  CO,H+  CO^ 

90  46  44 

Using  formula  8,  Theoretical  Chemistry, 

W  =  Mw 
m 

Substituting  the  known  values,  we  obtain 

on  v  ion 

=  195.05  kilos.     Ans. 


§  13  ORGANIC  CHEMISTRY.  3 

(18)  See  Art.  1O9. 

(19)  (a)   C.H%-OH;     (b)   CH^O-CHj      (c)  (CH£0\O; 
(d)  CH^-CHO. 

(20)  See  Art.  111. 

(21)  See  Art.  158. 

(22)  See  Art.  35. 

(23)  Diethyl  sulphide  Cfl^S-C^H^  for  its  preparation 
see  Art.  27. 

(24)  See  Arts.  57  and  1O3. 

(25)  For  the  determination  of  calcium. 
(20)     See  Art.  1. 

(27)  See  Art.  1C. 

(28)  Fehling's  solution  is  an  alkaline  solution  of  cupric 
tartrate,  and  is  used  in  analytical  chemistry  for  the  qualita- 
tive and  quantitative  determination  of  sugar. 

(29)  See  Art.  64. 

(30)  CJfJflff^CO^H  is  protocatechuic  acid,  and  is  a 
phenol  acid  belonging  to  the  class  of  monobasic  hydroxy 
acids  obtained  from  the  benzene  hydrocarbons. 

(31)  See  Arts.  13  and  14. 

(32)  See  Arts.  5  and  11O. 

(33)  By   oxidation   of   the   corresponding   alcohol.     See 
Art.  47. 

(34)  See  Art.  76. 

(35)  Allyl  alcohol  belongs  to  the  monohydric  alcohols  of 
the  olefine  series;  its  formula  is  £*3//6-  OH.     For  its  prepara- 
tion see  Art.  21. 

(30)     Yes;  racemic  is  an  isomeride  of  tartaric  acid,  it  is 
externally  compensated  tartaric  acid. 

(37)     (a)  and  (b)  See  Arts.  4  and  5. 
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(38)     Phenol  phthalein  has  the  formula 


It  is  frequently  used  as  an  indicator  in  volumetric  analysis. 
See  Theoretical  Chemistry,  Art.  116,  and  other  places. 

(39)  See  Art.  9. 

(40)  C\Ht(OH)t.  CH\  CH>  COJJ  is  caffeic  acid.     For  its 
preparation  see  Art.  125. 

(41)  See  Art.  36. 

(42)  Potassium    formate   is   obtained    according   to   the 
equation  : 

CQ  +  KOH  =  HCO-OK 
28  56  84 

500  liters  of  CO  =  625  grams,  then 

28  :  84  =  625  :  1,875  grams.     Ans. 

(43)  See  Art.  148. 
(44) 


(45)  CnH 

(46)  By  the  action  of  heat  and  sulphuric  acid,  lactic  acid  is 
decomposed  into  aldehyde  and  formic  acid,  and  if  the  sul- 
phuric acid  is  of  sufficient  strength,  this  acid  acts  further  on 
the  newly  formed  formic  acid,  decomposing  it  into  water  and 
carbon  monoxide. 

(47)  See  Art.  5. 

(48)  CHH9H(CQOfi)f 

(49)  Mannite  or  mannitol.      See  Art.  43. 

(50)  Tartaric  acid  has  the  formula  CtHt(OH)t(COtff)r 
For  its  preparation  see  Art.  145. 

(51)  See  Art.  69. 

(52)  Cff.2(CO9H).l  is  malonic  acid.      For  its  preparation 
see  Art.  13O. 
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(53)  A  diatomic,  or  dihydric,  alcohol  is  an  alcohol  con- 
taining two  hydroxyl  (HO)  groups. 

(54)  Writing  ink  is  a  mixture   of  gallotannic  acid  and 
ferrous  sulphate  to  which  gum  arabic  has  been  added  to  give 
the  fluid  the  proper  adhesive  and  drying  properties. 

(55)  CHV-CHO.     For  the  preparation  of  acetic  aldehyde 
see  Art.  5O. 

(50)     See  Art.  17. 

(57)  (  CfHhCO)fl  is  benzoic  anhydride,  or  dibenzoyl  oxide, 
and  (6"B//56Y?)202  is  benzoic  peroxide.     For  their  preparation 
see  Art.  1O2. 

(58)  Palmitic  acid. 

(59)  See  Art.  118. 

(60)  (a)  See  Art.  23.     (b)  Aromatic  alcohols. 

(61)  See  Art.  116. 

(62)  See  Art.  57. 

(63)  See  Arts.  35  and  1O8. 

(64)  (a)  Monohydric   alcohols  of  the  paraffin  series  are 
produced  by  the  replacement  of  one  hydrogen  atom  of  a 
paraffin  hydrocarbon  by  the  group  OH.      (b)  Their  general 
formula  is  CnHvl  +  }-  OH. 

(65)  Fumaric  acid  exists  in  two  modifications;  namely, 

CO.H-CHi  CH-CO.H 
and  67/ 


(66)  See  Art.  87. 

(67)  All  optically  active  compounds  contain  one  or  more 
carbon  atoms,  to  which  four  different  elements  or  radicals 
are  attached. 

(68)  See  Art.  163. 

(69)  See  Art.  6. 

(70)  See  Art.  68. 

(71)  See  Art.  39. 
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See  Art.  136. 

(73)  See  Art.  158. 

(74)  Hexa-hydroxy-anthraquinone   C^Hj(OH)fl9  is  ob- 
tained as  a  red  precipitate  by  heating  1  part  of  gallic  acid 
C\tf9(Off)9-CO,/Jvfiih  -4  parts  of  H^SO^  and  pouring  the 
cooled  mixture  in  water. 


ORGANIC  CHEMISTRY. 

(PART   3.) 


(1)  By  adding  a  little   mercuric  chloride,  this  compound 
destroys  the   red   color  of  ferric  thiocyanate,  but  does  not 
change  that  of  ferric  acotate. 

(2)  See  Art,  88. 

(3)  6;//5-  0/f+  HNC\  =  C&NO,  +  H,0. 

(4)  Potassium  chloride  and  potassium  formate,  as  is  seen 
from  the  following  equation  : 


(5)     See  Art.  43. 
(0)     The  equation 


represents  the  formation  of  zinc  ethide  ;  taking  the  molecular 
weight  of  zinc  at  130,  and  that  of  zinc  ethide  as  123,  we  have 
the  proportion:  130:123  =  x  \  194,  when  x  =  205.04  grams 
of  zinc.  Ans. 

(7)  A  nitrile  base  is  a  tertiary  amine  compound,  having 
the  general  formula  NR'",  or 

(8)  Amido-aeetic  acid. 
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(9)     Preparation  of  potassium  cyanide  (see  Arts.  131  and 
133): 


or 
4ATCW,  Fe(  6W)2  +  KfOt  =  5KCN+  KCNO  +  CO2  +  Fe 

(10)  See  Art.  1. 

(11)  See  Art.  15. 

(12)  See  Art.  147. 

(13)  C^H^NH-NH^  isphenyl  hydrazine;  for  its  prepara- 
tion see  Art.  128. 

(14)  See  Art.  1O3. 

(15)  See  Art.  75. 

(16)  The  term  u  metallo-organic  compounds  "  is  applied 
to   compounds    composed    of  alcohol  radicals  and  metallic 
atoms. 

(17)  (6;//J2S<94  is  ethyl  sulphate. 

(18)  See  Art.  147. 

(19)  See  Art.  125. 

(20)  Carbon  monoxide,  carbon  dioxide,  ammonia,  hydro- 
cyanic acid,  and  urea,  as  is  seen  from  the  following  equa- 
tion: 

Z(CONH^  =  CO  +  CO,  +  NH,  +  CNH+  CNJJfl 

(21)  See  Art.  74. 

(22)  6;^5A^(92  +  3//2  =  C*.//6J\W,  +  2//aa       The     chief 
product  is  aniline. 

(23)  See  Art.  4O. 

(24)  Ammonium  chloride  and  ammonium  cyanide,  as  is 
seen  from  the  equation  : 


(25)     See  Art.  3 
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(20)  Methyl     cyanide     has     the     formula     CPI%CN,    or 

//"3  =  6"  —  C=  N,  nitrogen  being  trivalent. 

(27)  A  substantive  dye  is  a  colored  insoluble  compound 
formed  by  the  dyestuff  and  the  fiber  of.  the  material  to  be 
dyed. 

(28)  See  Art.  94. 

(29)  See  Art.  74. 

(30)  See  Art.  56. 

(31)  See  Art.  3O. 

(32)  Chloroform  is  distinguished  by  its  anesthetic  prop- 
erty. 

(33)  Prussian  blue  is  ferric  ferrocyanide  ;    its  formula  is 


(34)  See  Art.  119. 

(35)  See  Art.  89. 

(30)  All  cacodyl  compounds  .are  extremely  poisonous. 

(37)  See  Art.  51. 

(38)  See  Art.  23. 

(39)  Ethylene  chloride  or  ethene  chloride  CJJfL 

(40)  See  Art.  132. 

(41)  CtHt-NH9HNOt+HNOt  =  C\H^N:  N-N 

(42)  Benzyl  amine  has  the  formula  C^H^-CH^NH^  and 
toluidine  has  the  formula   CJJfH^NH^  from  which  it  is 
seen  that  both  compounds  have  the  same  molecular  weight 
and  the  same  percentage  composition. 

(43)  See  Art.  74. 

(44)  See  Art.  53. 

(45)  See  Art.  27. 

(46)  See  Art.  14. 

(47)  vSee  Art.  131. 
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(48) 

(49)  A7/26Y/3.    See  Art.  75  for  the  properties  of  methyl 
amine. 

(50)  See  Art.  61. 

(51)  See  Art.  31. 

(52)  See  Art.  16. 

(53)  Ethyl  iodide  is  decomposed  by  the  action  of  the  sim 
into  iodine  and  butane,  according  to  the  equation  : 

•2C\H,J  =  C.ff,.  +  fi 

(54)  Prussic  acid  has   the  formula  HC  \  N  ;  for  its  pre- 
paration see  Art.  132. 

(55)  A  diazo  reaction  takes  place  when  nitrous  oxides  act 
on  an  ammonia  base;  the  result  is  a  diazo  compound,  con- 
taining" the  group  -N  \  N-. 

(56)  See  Art.  9O. 

(57)  Bunsen  and  Berzelius. 

(58)  Dynamite   is  an  infusorial  earth,  known  as  kiesel- 
guhr,  impregnated  with  nitroglycerin. 

(59)  Trichloracetic  acid  has  the  formula  CCl^COJJ.     It 
may  be  obtained  by  oxidizing  chloral  with  nitric  acid.     See 
also  Art.  23. 

(60)  Ethylene  chloride  is  obtained  from  glycol  according 
to  the  following  equation  : 


Taking  the  molecular  weight  of  ethylene  chloride  as  99, 
and  that  of  glycol  as  62,  we  have  the  proportion  99  :  62 
=  29  :  x,  when  x  =  18.16  grams.  Ans. 

(61)  Turnbull's  blue  is  ferrous  ferricyanide;  its  formula 
is  Fe,[Fe(CN).]t. 

(62)  See  Art.  119. 

(63)  See  Art.  86. 
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(64)     PH^-CJJ^  is  phenyl  phosphine. 

(05)     See  Art.  45. 

(00)      CC73  •  COM  +  Na  OH  =  7V«  67/6>2  + 

sodium  chloro- 

formate  form 

(07)  An  adjective  dye  is  a  colored  insoluble  compound, 
formed  by  the  dyestuff  with  a  mordant. 

(08)  (CONH^  is  oxamide.     See  Art.  1O1. 

(00)  CH£ICOJC+  KNO^  +  HtO 

=  KCI+  CH^NO^  +  KHCO^ 

(70)  In  two;  namely,   one   having  the  general  formula 
CH%XCH#  and  another  having  the  formula  CHXCH^. 

(71)  Tribromhydrin  is  prepared  according  to  the  follow- 
ing equation  : 


Taking  the  molecular  weight  of  allyl  iodide  as  107.5,  that 
of  bromine  as  150.5,  and  that  of  tribromhydrin  as  280.25,  we 
have  the  following  proportions  : 

167.5  :  280.25  =  x  :  250. 
when  x  is  149.  42  grams  of  allyl  iodide,  and 

310  :  280.25  =  x  :  250 
when  x  is  284.567  grains  of  bromine.      Ans. 


ORGANIC  CHEMISTRY. 

(PART  4.) 


(1)  See  Art.  25. 

(2)  See  Arts.  137-14O. 

(3)  See  Arts.  158  and  159. 

(4)  Albuminous  bodies  chiefly  differ  from  other  chemical 
compounds  in  that  they  neither  crystallize  nor  volatilize. 

(5)  Dextrin    and    maltose    are    obtained    from     starch 
according  to  the  equation: 


starch  maltose  dextrin 

The  molecular  weights  are  as  follows:  starch,  162;  malt- 
ose, 342;  and  dextrin,  162.  Using  simple  proportions,  we 
obtain 

486  :  342  =  392  :  xt  when  'x  =  275.854  kilograms  maltose. 

Ans. 
486  :  162  =  392  :  x,  when  x  =  131.743  kilograms  dextrin. 

(6)  See  Arts.  52-55. 

(7)  See  Art.  57. 

(8)  The  pyridine  bases  are  found  in  coal  tar,  and  in  oil 
extracted  from  bones. 

(9)  Theobromine   may  be   prepared   synthetically   from 
guanine.     See  Arts.  124  and  125. 

(10)  See  Art.  57. 

§  15 
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(11)  See  Art.  31. 

(12)  Aseptol   is   phenol   sulphonic   acid;    its   formula   is 
i  .  <> 


(13)  See  Art.  1. 

(14)  Morphine  has  the  formula  C^ 

(15)  See  Arts.  1  13-116. 

(16)  See  Art.  55. 

(17)  See  Arts.  28-3O. 

(18)  See  Art.  87. 

(19)  See  Art.  128. 

(20)  See  Art.  63. 

(21)  Phenol  phthalein  is   employed  as   an   indicator   in 
volumetric  analysis. 

-   (22)     See  Art.  15. 

(23)  See  Art.  1. 

(24)  Quinone  is  obtained  from  benzene,  according-  to  the 
equations  given   in   Arts.    2O   and    21.      The   amount   is 
obtained  from  the  molecular  weight  of  benzene   (78)   and 
that  of  quinone  (108)  by  a  simple  proportion: 

108  :  78  =  134.306  :  x,  when  x  =  97  grams.     Ans. 

(25)  (a)  and  (b)  See  Art.  138. 

(26)  Thiophene  (see  Art.  1O4). 

(27)  See  Art.  55. 

(28)  No;  rather  an  advantage,  as  these  two  compounds 
possess  a  very  brilliant  color,  which  will  increase  the  bril- 
liancy of  that  of  alizarin. 

(29)  See  Arts.  7,  8,  and  9. 

(30)  See  Art.  135. 

(31)  See  Art.  95. 

(32)  Glucose  is  dextrorotary,-  while  levulose  islevorotary. 
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(33)  See  Art.  23. 

(34)  Trinitrophenol,  or  picric  acid. 

(35)  See  Art.  136. 

(36)  Disaccharides  are  characterized  by  being  converted 
by  hydrolysis  into  2  molecules  of  glucose. 

(37)  (a)  and  (b)  See  Arts.  25  and  26. 

(38)  The  enlargement  of  the  pupil  of  the  eye. 

(39)  See  Art.  92. 

(40)  (a)  In  all  carbohydrates  oxygen  and  hydrogen  are 
present    in    the    proportion    of   1:2.      (b)  Their    general 
formula  is  Cm(H^O)n. 

(41)  See  Art.  19. 

(42)  A  few  drops  of  a  ferric  solution  added  to  a  solution 
suspected  to  contain  phenol  gives  a  beautiful  blue  color  if 
that  compound  is  present.    Bromine  water  gives  a  yellowish- 
white  precipitate  of  dibromophenol  under  similar  conditions; 
and  a  pine  shaving  moistened  with  concentrate  hydrochloric 
acid  assumes  a  blue  color  after  being  dipped  in  a  solution 
containing  phenol  and  then  exposed  to  the  atmosphere. 

(43)  Nicotine    occurs   principally   in    the   leaves   of   the 
tobacco  plant. 

(44)  See  Art.  86. 

(45)  Glucose  has  the  formula   CrH^O^  and  a  molecular 
weight  of  180.     Using  formula  1,  Theoretical  Chemistry, 

IQQtffl 


x  = 


m 


100X12X6 

we  obtain  x  =  -  —  =  40$  carbon  ; 

loO 

100X1X12 
•  x  :  18Q  =  6.67$  hydrogen  ; 

100X16X6 

x  =  -  —  -  -  =  53.  33$  oxygen.     Ans. 
loU 
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(46)  See  Art.  17. 

(47)  C6/75.  OH  +  3HNOZ  =  C\tft(NC\),Otf+  3/7,  a 

(48)  The   alkaloids  are   usually   classified   as    "volatile 
alkaloids"  and   "  non-  volatile  alkaloids.  " 

(49)  No;  most  vegetable  coloring  matter  does  not  resist 
sufficiently  the  decomposing  action  of  light,   air,  etc.,  and 
consequently  its  color  fades   sooner   than  coloring  matter 
obtained  from  other  sources. 

(50)  Stereo-isomerides  are  compounds  having  the  same 
percentage   composition,    but    possessing    different    optical 
activity. 

(51)  The  method  to  prepare  ether  analogous  to  that  of 
methyl-phenol  ether,  is  given  in  Art.  105,  Organic  Chem- 
istry ,  Part  2.    The  reaction  that  takes  place  may  be  expressed 
by  the  equation  : 


(52)  The  alkaloids  are  distinguished  by  being  more  or 
less  poisonous;  they  are  the  "active  principle"  of  poisonous 
plants. 

(53)  Pyrogallol  is  used  in  gas  analysis,  as  it  possesses  the 
property  to  absorb  oxygen. 

(54)  See  Arts.  2  and  3. 

(55)  Oxyhemoglobin  occurs  in   the  red  globules  of  the 
arterial  blood. 

(56.)     See  Art.  67. 


QUANTITATIVE  ANALYSIS. 

(PART  1.) 


(1)  See  Art.  1. 

(2)  Sodium  hydrate,  or  sodium  carbonate. 

(3)  (a)  Magnesium-ammonium  arsenate  MgNH \AsO \. 
(b)     When  this  precipitate  is  heated,  water  and  ammonia  are 

driven  off,  and  magnesium  pyroarsenate  J^^^CT,  is  formed. 

(4)  See  Art.  1OO. 

(5)  1.036  X  24. 73 -r- 100  =  .2562028   weight    of    chlorine. 
.2562028-^.423x100  =  60. 57  per  cent,  of  67  in  sample.     As 
dividing  by   100  and   then  multiplying  the   result   by  100 
merely  makes  extra  work  without  changing  the  final  result, 
this  is  always  omitted  in  actual  work.     This  may  be  stated 
as  follows: 

1. 030X24. 73 

_____         ,60.57.     Ans. 

(6)  (a)  and  (b)  See  Art.  3. 

(7)  See  Art.  21. 

(8)  (a)  A  mixture  of  antimony  sulphide  S6tS9,  free  sul- 
phur, and  water. 

(b)     See  Art.  6O. 

(9)  See  Art.  1OO. 

(10)  .250X70  =  17.50.     17.50-1-1   =  17.50  per  cent,    of 
iron  found.     Taking  56  for  the  atomic  weight  of  iron  and 

§16 
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278  for  the  molecular  weight  of  ferrous  sulphate,  we  have : 
(5G  ~T-  278)  X  100  =  20.14  per  cent,  of  iron  calculated. 
20.14-17.50  =  2.64  per  cent,  error. 

(11)  In  answering  this  question  the  student  should  give, 
in  his  own  words,  a  brief  outline  of  the  general  method  of 
determining  substances  gravimetrically,  from  what  he  has 
learned  in  the  Instruction  Paper  and  by  practice. 

(12)  As  oxide  or  as  *netallic  nickel.      The  metallic  nickel 
may  be  obtained  either  by  precipitation  and  reduction,  or  by 
electrolytic  deposition.     See  also  Arts.  22  and  24. 

(13)  (a)  and  (b)  See  Arts.  58  and  59. 

(14)  See  "Volhard's  Method  for  Cl,  Br,  /,  Ag,  and  Cu." 

(15)  See  Art.  6. 
(10)     (a)   CuS. 

(b)  Cu%S. 

(17)  See  Art.  71. 

(18)  (a)  and  (b)  See  Arts.  38,  39,  4O,  41,  and  1OO. 

(19)  One  cubic  centimeter  of  decinormal  silver  nitrate 
precipitates  .003537  gram  of  chlorine,  which  is  equivalent  to 
.005837  gram  of  sodium  chloride.      Hence, 

.005837x30  =  .17511  gram  of  sodium  chloride.     Ans. 

(20)  See  Art.  6. 

(21)  (a)  Magnesium-ammonium  phosphate  MgNH^PO^ 
(b)     When  ignited,  ammonia  and  water  are  expelled,  and 

magnesium  pyrophosphate  Mg^P^O^  is  formed. 

(22)  By  means  of  certain  organic  compounds,  known  as 
indicators,  which  change  color  when  the  reaction  of  the  solu- 
tion changes.     See  also  Art.  78. 

(23)  See  Art.  1O1. 

(24)  (a)  and  (6)  See  Art.  7. 

(25)  (a)  and  (b)  See  Art.  39. 

(26)  See  Art.  66. 
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(2?)  If  a  sample  were  not  dried  before  making  a  deter- 
mination, the  result  obtained  would  not  represent  the  per- 
centage of  the  given  element  in  the  compound  analyzed,  but 
would  represent  the  percentage  of  this  element  in  a  certain 
mixture  of  this  compound  and  water. 

(28)     See  Art.  9. 

(a)  and  (6)  See  Arts.  62  and  63. 
(a)  and  (b)  See  Art.  35. 

(31)  See  Art.  111. 

(32)  NaCl+AgNO,  =  AgCl+NaNO^ 

(33)  (a)  and  (b)   See  Arts.  64  and  65. 

(34)  See  Art.  43. 

(35)  See  Art.  57. 

(30)  The  weights  would  bear  the  same  relation  to  each 
other  as  the  molecular  weights  of  the  compounds;  hence, 
taking  the  molecular  weights  of  copper  sulphate  and  copper 
oxide  as  249  and  79,  respectively,  we  have 

249  : -79  =  1  :  x.     x  =  .3172.     Ans. 

(37)  See  Art.  13. 

(38)  Precipitates  are  heated  in  order  to  get  them  in  forms 
in  which  their  exact  composition  is  known.      In  every  case 
the  heat  serves  to  expel  water,  and  in  some  cases  it  changes 
the  precipitate  from  a  compound  of  variable  composition  to 
a  weighable  compound  whose  exact  composition  is  known. 
For  instance,  when  ferric  hydrate  is  heated,  it  is  changed  to 
ferric  oxide,  and  when  magnesium-ammonium  phosphate  is 
ignited,  it  is  changed  to  magnesium  pyrophosphate,  etc. 

(39)  (a)  and  (b)  See  Art.  43. 

(40)  (a)  and  (b)  See  Arts.  71  and  87. 

(41)  This  relation  depends  on  the  facts  that  the  atomic 
weight  of  sulphur  is  twice  that  of  oxygen,  and  that  there  are 
2   atoms  of  copper  united  with  1   atom  of  sulphur,   while 
there    is  1  atom  of  copper  united  with  1  atom  of  oxygen ; 
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hence,  the  metal  and  non-metal  are  united  in  the  same  pro- 
portion in  each  case.  In  the  case  of  cuprous  sulphide,  we 
have  126  parts  of  copper  united  with  '32  parts  of  sulphur, 
while  in  copper  oxide  we  have  03  parts  of  copper  united 
with  10  parts  of  oxygen.  Multiplying  the  weights  of  copper 
and  oxygen  in  this  compound  by  2,  we  have  the  metal  and 
non-metal  united  in  the  ratio  of  120  to  32  in  each  case. 


(a)  As  20  cubic  centimeters  of  normal  sulphuric  acid 
neutralize  20  cubic  centimeters  of  normal  sodium  hydrate, 
this  solution  contains   the  same  weight   of  sodium  hydrate 
that  would  be  contained  in  20  cubic  centimeters  of  a  normal 
solution  ;  hence,  it  is  only  necessary  to  calculate  what  this 
weight  is.     As  1  cubic  centimeter  of  normal  sodium  hydrate 
contains  .04  gram  of  the  solid,  20  cubic  centimeters  contain 
.8  gram. 

(b)  Similarly  for  sodium.  According  to  the  definition  of 
a  normal  solution,  1  liter  contains  23  grams  of  sodium. 
Then  1  cubic  centimeter  contains  .023  gram,  and  20  cubic 
centimeters  contain  .40  gram  of  Na. 

(43)  The  nitric  acid  is  added  to  dissolve  the  silver,  and 
the  hydrochloric  acid    to    precipitate  it    as   chloride,    thus 
replacing  the  chlorine  that  has  been  driven  off.      See  also 
Art  12. 

(44)  (a)  See  Art.  68. 

(b)  See  Art.  34. 

(45)  See  Art.  9O. 
(40)     (a)  See  Art.  18. 

(b)   See  Art.  19. 

(47)  See  Art.  14. 

(48)  (a)  and  (b)  See  Art.  55. 

(49)  Methyl-orange. 

(50)  The   oxide  method,   the  sulphide  method,  and  the 
electrolytic  method. 

(51)  See  "  Acidimetry  and  Alkalimetry.  " 
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(52)  See  Art.  57. 

(53)  (a)  and  (b)  See  Arts.  94  to  99. 

(54)  As    a    molecule     of    cuprous     sulphide   contains  2 
atoms  of  copper,  and  a  molecule  of  copper  sulphate  contains 
but    1,    2    molecules    of   copper    sulphate  -are    required   to 
produce  1  molecule  of  cuprous   sulphide.     Bearing  this  in 
mind,  and  taking  the  molecular  weights  of  copper  sulphate 
and  cuprous  sulphide  as  249  and  158,  respectively,  we  have 

158  :  498  =  .3  :  x.      x  —  .9450  gram.     Ans. 

(55)  See  Art.  91. 
(r,r,)     See  Art.  19. 

(57)  See  Art.  15. 

(58)  (a)  and  (b)  See  Arts.  24  and  25. 

(59)  If  the  solution  from  which  chlorine  is  to  be  precipi- 
tated is  heated,  chlorine  will  be  expelled  by  the  nitric  acid 
added  with   the   reagent,    and   the    result   will  be   too  low. 
Silver  is  not  volatilized  in  this  wray,  and  if  some  of  the  chlo- 
rine of  the  reagent  is  driven  off,  it*  makes  no  difference,  as 
enough  will  be  added  to  precipitate  all  the  silver  at  any  rate. 

(60)  See  Art  35. 

(61)  See  Arts.  26  and  27. 

(62)  See  Art.  94. 

(63)  Cuprous  sulphocyanide  Cu9(SCN)9. 
(04)     See  Art.  76. 

(65),  (06),  (67),  (08),  (09),  (70)  The"  percentage  of  the 
elements  to  be  determined  in  the  compounds  sent  for  analy- 
sis cannot  be  given,  as  it  will  vary  somewhat  from  time  to 
time.  A  careful  record  of  the  composition  of  each  sample 
is  kept,  however,  and  the  student  will  be  graded  upon  his 
results. 
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(PART  2.) 


(1)  See  Art.  2. 

(2)  Ca  O  =  56  per  cent.     CO9  =  44  per  cent.     See  also 
Art.  21. 

(3)  (a)  The  precipitate  of  antimony  sulphide  always  con- 
tains more  or  less  free  sulphur  and  water.     These  must  be 
expelled  from  a  part  of  the  precipitate  after  it  is  weighed, 
and  from  the  amount  of  pure  antimony  compound  obtained 
from  the  portion  of  precipitate  taken,  the  amount  of  antimony 
sulphide  or  antimony  in  the  precipitate  is  calculated.     The 
sulphur  and  water  may  be  driven  off  by  heating  a  portion  of 
the  precipitate  in  an  atmosphere   of  carbon  dioxide,   or  a 
portion  of  the  precipitate  may  be  treated  with  fuming  nitric 
acid,  and  the  antimony  weighed  as  oxide,  after  driving  off 
the  acid  mixture  by  heat. 

(b)  If  a  correction  were  not  made  by  one  of  the  methods 
given,  the  water  and  free  sulphur  would  be  weighed  as 
antimony  sulphide,  and  an  erroneous  result  would  thus  be 
obtained. 

(4)  See  Art.  121. 

(5)  See  Art.  3. 
(0)     See  Art.  22. 

(7)  See  Arts.  64,  65,  and  66. 

(8)  See  Art.  132. 
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(9)     See  Art.  4. 

(10)  See  Art.  3O. 

(11)  (a)  See  Art.  49. 
(b)   See  Art.  51. 

(12)  fa\O3  contains  90  per  cent,  of  FcO\  hence,  .225  X. 90 
=  .2025  gram  of  FeO,   and  as  the  weight  of  a  constituent 
divided  by  the  weight  of  the  original  substance,    and  this 
number  multiplied  by  100,  gives  the  percentage  of  that  con- 
stituent  in   the    substance,    .2025-^-1  —.2025.     .2025x100 
=  20.25  per  cent,  of  FcO.     Ans. 

(13)  (a)  and  (/;)  See  Art.  5. 

(14)  (a)  and  (/;)  See  Art.  31. 

(15)  No  method  has  been  given  in  the  Instruction  Paper 
for  the  analysis  of  an  alloy  containing  only  these  two  metals, 
but  methods  of  separating  and  determining  them  are  given 
in  the  analysis  of  nickel  coins  (Art.  59,  et  scq.)  and  in  the 
analysis  of  chalcopyrite,  and  one  of  these  methods  may  be 
employed,   omitting,    of   course,    the  portions   referring   to 
other  elements.      See  Arts.  115  and  116. 

(16)  As  the  stone  contains  90  per  cent,  of  calcium  car- 
bonate, it  contains  2, 000  x. 90  =  1,800  pounds   of   calcium 
carbonate ;  and  as  calcium  carbonate  contains  56  per  cent.  of. 
calcium  oxide,  1,800X.56  =  1,008  pounds  of  lime.     Ans. 

(17)  (a)  and  (b)  See  Art.  6. 

(18)  See  Arts.  32  to  37,  inclusive. 
(f9)     See  Art.  87. 

(20)  As  ZnO  contains  80.26  per  cent,  of  zinc, 

.1505  X. 8026  =  .1207913  gram  of  zinc. 

.1207913  -T-.  625  =  .1933. 
.  1933  X  100  =  19. 33  per  cent,  of  zinc.  Ans. 

(21)  A  porcelain  crucible  with  a  perforated  bottom  similar 
to  a  Gooch  crucible.      This  is  frequently  called  a  porcelain 
Gopch  crucible.     See  also  Art.  6. 
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(22)     See  Art.  39,  ct  scq. 
(2:})     See  Art.  88,  ct  scq. 

(•24)  Feldspar  is  essentially  a  silicate  of  aluminum  and 
potassium  with  a  smaller  quantity  of  sodium,  or  of  aluminum 
and  sodium  with  a  smaller  quantity  of  potassium,  and  in 
addition  to  these  constituents,  it  nearly  always  contains 
smaller  amounts  of  iron,  calcium,  and  magnesium.  See 
also  Art.  139. 

(25)  (a)  and  (//)   See  Arts.  6  and  11. 

(•20)  See  Arts.  4O  and  42. 

(-27)  See  Art.  92. 

(-28)  See  Art.  7. 

(29)  (a)   See  Art.  43. 

(b)   S^e  Art.  44,  ct  scq. 

(30)  They  may  be  separated  by  fusing  the  precipitate  of 
iron  and  alumina  with  acid  potassium  sulphate  and  proceeding 
as  directed  in  Art.  141,  but  it  is  better  to  take  a  fresh  sample 
and  proceed  as  directed  in  Art.  95. 

(31)  See  Art.  12. 

(32)  See  Art.  58,  ct  scq. 

(33)  See  Art.  2O. 
(3-1)     See  Art.  480 

(35)  (a)  and  (b)   See  Art.  96. 

(36)  See  Art.  144. 

(37)  See  Arts.  11  and  12. 

(38)  (a)  It  is  an  alloy  of  lead  and  antimony,  containing 
the  metals  in  varying  proportions,   the  percentage  of  each 
metal    depending   upon    the    kind   of    type  for  which   it  is 
intended. 

(/;)  It  is  dissolved  for  analysis  by  treating  a  sample  of  the 
finely  divided  alloy  with  a  mixture  of  equal  volumes  of  con- 
centrate nitric  and  tartaric  acids.  See  also  Art.  54. 
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(39)  See  Art.  11. 

(40)  (a)  and  (b)   See  Art.  58. 

(41)  See  Art.  12. 

(42)  (a)  The  iron  is  weighed  in  the  form  of  ferric  oxide 

&,o.. 

(b)  As  the  iron  in  the  original  substance  is  in  the  ferrous 
state,  it  is  reported  as  ferrous  oxide  FeO.  See  also  Arts. 
17  and  19. 

(43)  See  Art.  55. 

(44)  (a)  and  (b)  See  Art.  1O9. 

(45)  As  the  limestone  contains  40  per  cent,   of  carbon 
dioxide,  1  gram  of  it  would  contain  40  per  cent,  of  1  gram, 
or   .4   gram   of   carbon   dioxide.      1,000   cubic    centimeters 
(1  liter)  of  carbon  dioxide  weighs  1.9?  grams;  hence, 

1.97  :  .4  —  1,000  :  x.    x  =  203.05  cubic  centimeters.  Ans. 

(46)  As  Fe9O3  contains  90  per  cent,  of  FeO,  the  weight  of 
FeO  may  be  obtained  by  multiplying  the  weight  of  Fc\O3 
by  .90;  or  it  may  be  calculated  by  a  proportion.     As  1  mole- 
cule of  Fe^Oa  contains  2  molecules  of  FeO,   the  proportion 
would  be 

Fe^O,  :  2FeO  =  wt.  of  Fe,Ot  :  x. 

(47)  It  is  composed  of  tin,  lead,  bismuth,  and  cadmium. 

(48)  See  Arts.  1O4  to  1O7,  inclusive. 

(49)  See  Art.  19. 

(50)  No  scheme  is  given  for  the  analysis  of  an  alloy  con- 
taining only  these  two  metals,  but  a  method  of  separating 
and  determining  them  is  given  in  the  analysis  of  Wood's 
metal  (Art.  73,  et  seq.),  and  the  method  here  given  may  be 
employed  by  omitting  the  portions  referring  to  other  metals. 

(51).    See  Art.  114. 

(52)  (a)  Zinc  is  present  in  the  solution  in  the  form  of 
chloride,  and  as  it  is  precipitated  as  sulphide,  the  chlorine 
set  free  unites  with  the  hydrogen  of  the  hydrogen  sulphide, 
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forming-  hydrochloric  acid.  Zinc  sulphide  is  soluble  in  a 
solution  containing  any  considerable  amount  of  free  hydro- 
chloric acid,  and  enough  acid  may  be  formed  during  the 
reaction  to  prevent  the  complete  precipitation  of  the  zinc. 
If  sodium  acetate  is  now  added,  the  hydrochloric  acid  unites 
with  the  sodium,  forming  sodium  chloride,  and  setting  free 
acetic  acid,  in  which  zinc  sulphide  is  insoluble,  and  conse- 
quently the  zinc  will  be  completely  precipitated. 

(b)  If  enough  sodium  acetate  is  added  to  unite  with  all 
the  hydrochloric  acid,  the  nickel  and  cobalt  will  also  be 
precipitated;  hence,  care  must  be  taken  to  leave  enough 
free  hydrochloric  acid  in  the  solution  to  prevent  the  pre- 
cipitation of  these  metals.  Enough  hydrochloric  acid  to 
accomplish  this  may  be  left  in  the  solution  without  inter- 
fering with  the  precipitation  of  zinc. 

(53)  See  Art.  16. 

(54)  As  the  alloy  contains  17  per  cent,  of  antimony,  the 
weight  of  antimony  required  will  be   17  per  cent,  of  the 
weight  of  the  alloy,  or  126  X.  17  =  21.25  pounds.     Ans. 

(55)  See  Art.  19. 

(56)  See  Art.  78. 

(57)  See  Art.  1C. 

(58)  See  Art.  1O9,  et  seq. 

(59)  As  the  sample  contains  90  per  cent,  of  silver,   and 
.8  gram  of  it  are  taken  for  analysis,  we  have  .8x  .90  =  .72 
gram  of  silver  in  the  sample.     As  this  is  all  converted  into 
chloride,  taking  the  atomic  weights  of  silver  and  chlorine  as 
107.66  and  35.37,  respectively,  we  have 

107.06  :  143.03  =  .72  :  x.     x  —  .9565  gram.     Ans. 

(60)  See  Art.  21. 

(61)  (a)  Bismuth  oxychloride,  basic  bismuth  nitrate,  and 
basic  bismuth  carbonate. 

(6)  Bismuth  oxychloride  BiOCl,  bismuth  oxide  Bi^O^ 
and  metallic  bismuth. 
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(62)  As  Cu^S  contains  79.82  per  cent,  of  copper,  we  have 
. 952 X. 7982  =  .759886  gram  of  copper  in  the  sample;  and 
as  the  bronze  contains  92  per  cent,  of  copper,  this  is  92  per 
cent,  of  the  weight  of  the  sample.  Hence, 

.759886 -T-. 92  =  .8295  gram  of  sample  taken.     Ans. 

(63),  (64),  (65),  (66),  (67),  (68),  (69),  (70)  The  percentage 
of  the  elements  to  be  determined  in  the  compounds  sent  for 
analysis  cannot  be  given,  as  it  will  vary  somewhat  from  time 
to  time.  A  careful  record  of  the  composition  of  each  sample 
is  kept,  however,  and  the  student  will  be  graded  upon  his 
results. 
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(PART  3.) 


(1)  The  value  of  an  iron  ore  depends  on  the  amount  of 
iron  it  contains  and  its  freedom  from  impurities. 

(2)  The   elements   usually  determined   in   pig  iron   are 
silicon,   sulphur,    phosphorus,   and    manganese.     Carbon   is 
also  determined  sometimes,  but  not  as  a  rule. 

(3)  An  acid  solution  of  the  double  chloride  of  copper  and 
potassium.      For  its  preparation  see  Art.  6O. 

(4)  See  Art.  8O. 

(5)  A  zinc-copper  couple  is  prepared  by  immersing  zinc 
in  a  copper- sulphate  solution  that  contains  about  3  per  cent, 
of  the  crystallized  salt.      See  also  Art.  114. 

(6)  An  iron  ore  is  analyzed  to  determine  its  value,  its 
fitness   for   a  certain   purpose,    and   the    amount    of    other 
material  that  must  be  charged  into  the  furnace  with  the  ore, 

(?)     See  Art.  28. 

(8)  (a)  Silver  sulphate  is  used  to  purify  the  carbon  diox- 
ide evolved,   by  absorbing   any  hydrochloric   acid   it   may 
contain. 

(b)     For  its  preparation  see  Art.  63. 

(9)  Water  is  most  frequently  examined  to  determine  its  fit- 
ness for  use  either  for  domestic  purposes  or  as  a  boiler  supply. 

(10)  See  Arts.  114  and  115. 
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(11)  The  determinations  generally  made  in  the  analysis 
of  iron  ores  are  insoluble  matter  and  silica,  iron,  phosphorus, 
sulphur,  and  manganese.     Water  is  also  frequently  deter- 
mined. 

(12)  See  Art.  28. 

(13)  See  Art.  67. 

(14)  Multiply  the  number  of  parts  per  million  by  58,318 
and  divide  the  result  by  1,000,000,  to  obtain  the  grains  per 
U.  S.  gallon.     See  also  Art.  81. 

(15)  Copper,  lead,  and  zinc  are  probably  the  poisonous 
metals  most  frequently  found  in  water  in  sufficient  quantity 
to  be  dangerous.     Iron  probably  occurs  in  water  more  fre- 
quently than  any  of  these,  but  usually  in  insignificant  quan- 
tities.    'Arsenic  and  chromium  are  also  occasionally  found  in 
water,  and  both  are  very  poisonous. 

*(16)     See  Art.  3. 

(17)  The  sample  should  be  transferred  from  one  paper  to 
another  by  means  of  a  magnet,  thus  leaving  the  sand  and 
scale,  which  are  non-magnetic,  on  the  first  paper.     For  the 
details  of  the  process  see  Art.  28. 

(18)  See  Art.  67. 

(19)  The  principal  determinations  made  in  the  examina- 
tion of  potable  waters  are  total  solids,  chlorine,  free   and 
albuminoid  ammonia,  oxygen  consumed,  nitrogen  as  nitrite, 
nitrogen  as  nitrate,  and  poisonous  metals.     The  hardness  is 
also  determined  sometimes,  but,  as  it  has  little  to  do  with  the 
quality  of  a  drinking  water,  this  determination  is  frequently 
omitted. 

(20)  See  Art.  118. 

(21)  See  Art.  3. 

(22)  See  Art.  3O  et  scq. 

(23)  As  coke  is  composed  of  fixed  carbon  and  ash,  the 
percentage   of  coke  in  the    sample  is  obtained  by  adding 
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"the  percentages  of  these  constitutents;  hence,  this  sample 
contains  60.25  per  cent,  of  coke.  As  there  are  5,000  pounds 
of  the  coal  containing  60.25  per  cent,  of  coke,  we  have 
5, 000 X. 6025  =  3,012.5  pounds  coke.  Ans. 

(24)  See  Art.  83. 

(25)  See  Art.  125. 

(26)  (a)   When  a  cast-iron  mortar  and  pestle  are  used  to 
pulverize  iron  ores,  the  iron  wears  off,  especially  from  the 
pestle,  and,  becoming  mixed  with  the  ore,  gives  it  a  ficti- 
tious value. 

(b)  A  mortar  and  pestle  of  hardened  steel,  or  a  bucking 
board  and  muller  of  chilled  iron,  should  be  used  for  this 
purpose. 

(27)  The  starch  solution  is  used  as  an  indicator.    As  soon 
as  the  iodine  has  broken  up  all  the  hydrogen  sulphide,  with 
the  formation  of  hydriodic  acid,  it  begins  to  unite  with  the 
starch,  forming  blue  starch  iodide,  and  thus  indicating  that 
the  reaction  is  complete. 

(28)  See  Art.  69. 

(29)  See  Art.  86. 

(30)  The  principal   scale -forming   constituents  in  water 
are  the  carbonates  of  calcium  and  magnesium,  and  calcium 
sulphate. 

(31)  Clay  is  a  mixture  of  silica  with  the  hydrated  silicates 
of  aluminum  calcium,  magnesium,  sodium,  potassium,  and 
generally  a  small  amount  of  iron.     See  also  Art.  72. 

(32)  See  Art.  35. 

(33)  (a)  See  Art.  71. 
(b)  See  Art.  69. 

(34)  The    method   employed    for   the   determination    of 
chlorine  in  water  depends  on  the  relative  affinity  of  silver 
for  chlorine  and  chromic  acid.     When  silver  nitrate  is  added 
to  water  containing  both  a  chloride  and  a  chromate,  the  silver 
unites  with  chlorine  until  all  the  chlorine  is  combined  with 
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silver.  Any  silver  added  after  this,  unites  with  the  chromic 
acid,  forming  red  silver  chromate.  Consequently,  when  we 
wish  to  determine  chlorine  in  water,  we  add  a  chromate  and 
lead  in  silver  nitrate.  White  silver  chloride  is  formed  at 
first,  but,  after  a  time,  a  red  color  is  developed,  showing 
that  enough,  silver  has  been  added  to  unite  with  all  the 
chlorine,  and  silver  chromate  is  beginning  to  form.  Then, 
knowing  the  strength  of  the  silver  solution  and  the  amount 
used,  the  amount  of  chlorine  is  readily  calculated. 

(35)  If  the  moisture  is  to  be  determined  in  an  ore,  or  if 
the  composition  of  the  ore  as  it  is  purchased,  or  charged  into 
the   furnace,   is   wanted,  the    sample    should  be    pulverized 
quickly,  for  a  damp  ore  will  lose  moistiire,  and  a  very  dry 
one  may  absorb  it  from  the  air  during  this  operation. 

(36)  See  Art.  5. 

(37)  (a)  See  Art.  48. 

(b)  The  chief  advantages  of  this  method  are  its  simplicity, 
and  the  rapidity  with  which  it  yields  results. 

(38)  (a)  Iron  and  the  alkalies  are  injurious  on  account  of 
the  relatively  low  temperature  at  \vhich  they  fuse. 

(b)  A  first-class  clay  for  this  purpose  should  not  contain 
more  than  2  per  cent,  of  ferric  oxide,  or  more  than  1  per  cent, 
of  either  alkali. 

(30)     See  Art.  88. 

(40)  (a)   See  Art.  5. 

(b)  It  is  used  at  first  when  the  ore  is  partly  pulverized,  to- 
separate  the  coarse  portion  from  the  fine,  and,  later,  to 
enable  us,  by  passing  it  all  through  the  sieve,  to  be  sure 
that  it  is  all  fine  enough  for  analysis. 

(41)  See  Arts.  6,  7,  8,  and  9. 

(42)  See  Art.  5O. 

(43)  The   constituents   of   clay   usually   determined    are 
silica,  alumina,  ferric  oxide,  calcium  oxide,  magnesia,   and 
the  alkalies. 
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(44)  See  Arts.  92  and  93. 

(45)  See  Art.  52. 

(46)  See  Art.  1C. 

(47)  (a)   Clay  usually  contains  from  G  to  14  per  cent  of 
combined  water. 

(b)     For  its  determination  see  Art.  74. 

(48)  Albuminoid  ammonia  does  not  exist  in  water  in  the 
form  of  ammonia,  but  is  in  the  form  of  nitrogenous  organic 
matter,  which    is   broken   up  when   boiled  with  potassium 
hydrate  and  potassium  permanganate,  yielding  an  amount 
of  ammonia  proportional  to  the  amount  of  nitrogenous  mat- 
ter in  the  water. 

(49)  (a)  and  (b)  See  Art.  15. 

(50)  2Fe  O,  +  Sti  Cl,  =  2Fe  Clz  +  Sn  C!4. 

(51)  See  Art.  54. 

(52)  (a)  and  (b)  See  Art.  95. 

(53)  In  Art.  27,  it  is  stated  that  the  value  of  a  perman- 
ganate solution  in  manganese  is  29. 46  per  cent,  of  its  value 
in  iron.     The  value  of  1  cubic  centimeter  of  this  solution  in 
iron  is  .01  gram,  and  its  value  in  manganese  is,  therefore, 
29.46  per  cent,  of  .01  or  .002946  gram.     As  5.5  cubic  centi- 
meters of  permanganate   are  used,   we   have   .002946x5.5 
=  .0162    gram    of    manganese    in    the    solution;    and,    as 
1.5  grams  of  sample  are  dissolved,  and  two- thirds  of   the 
solution  (=  1  gram   of    sample)   are   titrated,   we  find   that 
1  gram  of  the  sample  contains  .0162  gram,  or  the  sample  con- 
tains 1.62  per  cent,  of  manganese.     Ans. 

(54)  (a)   Potassium    sulphocyanide   is   used    to    test    for 
ferric  iron,  in  order  to  be  sure  that  the  iron  is  completely 
reduced. 

(b)  The  solution  for  this  purpose  is  prepared  by  dissolving 
from  5  to  10  grams  of  the  solid  in  100  cubic  centimeters  of 
distilled  water. 
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(55)  See  Art.  55. 

(56)  See  Art.  97. 

(57)  772S  +  72  =  27/7+5. 

(58)  (a)  Potassium  ferricyanide  is  used  as  an  indicator 
when  an  iron  solution  is  titrated  with  potassium  bichromate, 
to  show  when  the  iron  is  completely  oxidized. 

(b)  The  solution  should  always  be  tested  for  ferrocyanide 
when  made  up,  and  a  fresh  solution  should  be  prepared  every 
day  or  two. 

(59)  See  Art.  58. 

(60)  The    apparatus   used   in   water   analysis   should  be 
cleaned  by  rinsing  it  thoroughly  with  water  after  each  analy- 
sis, and  then  rinsing  it  again  before  another  analysis  is  made. 
Good  tap  water  is  usually  sufficiently  pure  for  this  purpose, 
but  if  the  water  supply  is  not  of  good  quality,  the  apparatus 
should  finally  be  rinsed  out  with  distilled  water.     Apparatus 
used  for  this  purpose  should  never  be  wiped  with  a  cloth, 
but  should  be  allowed  to  drain. 

(61) 


(62)  See  Art.  59. 

(63)  See  Art.  11O. 

(64)  When  a  pulverized  sample  of  coal  is  allowed  to  stand 
in  the  air,  it  will  give  up  moisture  if  damp,  and,  if  dry,  it 
will  absorb  moisture  from  the  atmosphere.     In  addition  to 
this,  the  composition  of  the  sample  itself  will  change  ;  hence, 
the  powdered  sample  should  be  kept  in  a  tightly  stoppered 
bottle,  and  analyzed  as  soon  as  possible. 

(65) 


(66)  When  naphthyl  amine  is  added  to  water  containing 
nitrites,  it  produces  a  pink  color  similar  to  that  of  a  dilute 
permanganate  solution. 
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(67)  Organic  matter,  especially  animal  matter,  contains 
considerable  nitrogen,  and,  as  it  decomposes  in  the  water, 
the  nitrogen  is  partially  oxidized,    forming  nitrites.     It  is 
thought  that  the  nitrites  in  drinking  water  are  generally 
formed  in  this  way.     Nitrites  may  come  from  other  sources, 
but  this  is  believed  to  be  the  chief  source. 

(68)  See  Art.  61. 

(69)  See  Art.  113. 

(70)  See  Art.  43. 


QUANTITATIVE  ANALYSIS. 

(PART  4.) 


(1)  Using  formula  1O, 

_  100  /-1,  350 
86.5 

and  substituting  the  known  values,  we  obtain 

C  =  100X15~1'35°  =  1.734*  ceresin  in  sample.     Ans. 
86.5 

(2)  By  "potential  ammonia"  is  meant  the  nitrogen  con- 
tained in  the  fertilizer,  that,  by  the  progress  of  decomposition 
of  the  organic  matter  of  the  fertilizer,  will  be  transformed 
into  ammonia. 

11.2X273X771 


(4)  See  Art.  238. 

(5)  As   1   cubic  centimeter  of  the  arsenious  solution  is 
equivalent  to  .0033  gram  of  chlorine,  47.4  cubic  centimeters 
are  equivalent  to  47.4  x  .0033  =  .15642  gram  in  50  cubic  cen- 
timeters of  the  solution;  but  50  cubic  centimeters  contain 
.575  gram  of  bleaching  powder,  hence  the  substance  contains 

.15642X100 
-  -£  -  -  —  27.2$  of  available  chlorine.     Ans. 


(6)  See  Art.  29. 

(7)  See  Art.  2O6. 


§19 
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(8)  C,JfaO,,+H.O=C.ffaO.  +  C.f/t,Ot.     Cane  sugar 
is  transformed  by  inversion  into  glucose  and  fructose,  as  is 
seen  by  above  equation. 

(9)  Subacetate  of  lead,  prepared  as  described  in  Art.  169, 
is  most  generally  used. 

(10)  See  Art.  12O. 

(11)  See  Art.  16. 

(12)  See  Art.  36  et  seq. 

(13)  See  Art.  2. 

(14)  Using  formula  9, 


and  substituting  the  known  values,  we  obtain 


which  is  the  amount  of  paraffin  present  in  the  sample. 

(15)  The  percentage  of  iodine  absorbed  equals 

26.1  X.  0122X100 
~^MlT~ 

which  would  be  the  iodine  number  of  the  fat  under  exam- 
ination. 

(16)  See  Art.  218. 

(17)  Using  formula  7, 

1005 
K.  — 


142.66  -13.51 
and  substituting  the  known  values,  we  obtain 

An, 


(18)  Soluble  or  water-soluble  phosphoric   acid;    citrate 
soluble  phosphoric  acid  ;  citrate-insoluble  phosphoric  acid. 

(19)  No.       See  Art.  81. 

(20)  See  Art.  29. 
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(21)  See  Art.  9. 

(22)  See  Arts.  23O  and  231. 

(23)  The  iodine  number  in  fat  determination  represents 
the  quantity  of  iodine  that  a  fat  is  able  to  absorb,  and  thus 
serves  as  a  measure  of  the  unsaturated  acids  present  in  the 
fat. 

(24)  Using  formula  7, 

/?  -          lOO^ 
"  142. 66 -i*°' 

and  substituting  the  known  values,  we  obtain 

100  X  (93 +  21) 

R  =  — -  — -  =  86.259$  of  cane  sugar.     Ans. 

142.00  — 10.0 

(25)  123.979  milligrams  K^O. 

(26)  Specific   gravity,    total   solids,    ash,    total   proteids, 
casein,  albumin,  and  sugar. 

(27)  Using  formula  5, 

100  y(P-p) 
'  760  X  354.33  *X(1  +  . 003660' 


and  substituting  the  known  values,  we  obtain 

100X  12  X  (767-11.2)  _ 

760  X  (354. 33  X  2)  X(l  +  .  00366x13)  = 

and  as  the  specific  gravity  of  the  sample  is  1.021,  100  cubic 
centimeters  weigh  102.1  grams  and  the  percentage  of  urea  is 

1.607X100 


102. 1 
(28)     Using  formula  4, 

V,  = 


=  1.573.     Ans. 


and  substituting  the  known  values,  we  obtain 
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(29)  See  Arts.  2O4,  2O5,  and  2O6. 

(30)  The  saponification  number  indicates  the  number  of 
milligrams   of    potassium    hydrates    required    to    saponify 
1  gram  of  the  fatty  substance,  and,  therefore,  represents  the 
capacity  of  saturation  of   the  fatty  acids  contained  in  the 
sample. 

(31)  See  Art.  179. 

(32)  Sugar 9  5.0  0^ 

Water 2,2  0$ 

Ashes 1.3  2$ 

Foreign  organic  substance. ...  1.48$ 

Total 10  0.0  Of0 

(33)  See  Art.  122. 

(34)  The    specific    gravity    of    pure    milk    varies   from 
1.208  to  1.035;  its  average  is  about  1.0319—. 

(35)  See  Art.  58. 

40. 72  X  273  X  730 

(36)  , — y— y  =  37. 46G  cubic  centimeters.    .1  liter 

of  nitrogen  at  normal  temperature  and  pressure  weighs 
1.257  grams,  hence,  37.466  cubic  centimeters  weigh 
470.95  milligrams,  which  equals  4.639  per  cent.  Ans. 

(37)  The  calculation  is  similar  to  that  explained  in  Art. 
189.     The  values  for  Cu  =  .385,  W  —  4.250,  and  the  per- 
centage  of  cane   sugar,  89   per  cent.,  are  known.      Before 
using  formula  8,  we  must  calculate  the  value  for  Z  and  the 
proportion  of  R  :  I,  in  order  to  be  able  to  find  the  value  for 
F  in  the  formula. 

Cu         . 385 


2  2 

100 


=  .1925  =  Z. 


4.2o 


r  =  4.529  —  y. 


'900 


'  89  +  4.529 
100  -R  =  100-95.15  =  4.85  =  /. 
Then,  R  :  I  =  9o.l5  :  4.85. 
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By  consulting  Table  5,  we  find  that  the  vertical  column 
/  =  200  is  nearest  to  Z  (.1925),  the  "horizontal  column 
headed  95  :  5,  is  nearest  to  the  ratio  R  :  I  =  95.15  :  4.85. 
Where  these  two  columns  meet,  we  find  the  factor  52.6,  and 
we  can  now  make  the  final  calculation  by  substituting  the 
known  values  in  formula  8. 

CuF        .385X52.0 

—  — ^        —  =  4.764$   of   invert   sugar    in    sample 

under  examination.     Ans. 

(38)  See  Art.  183. 

(39)  26.048  grams  pure  cane  sugar. 

(40)  See  Art.  129. 

(41)  See  Art.  116. 

(42)  See  Art.  5O. 

(43)  See  Art.  11. 

(44)  See  Art.  227. 

(45)  See  Art.  181. 

(46)  See  Arts.  176,  177,  and  178. 

(47)  96,029  milligrams  PCI. 

(48)  See  Art.  93. 

(49)  For  the  preparation  of  Fehling's  solution,  see  Art. 
78,   Qualitative  Analysis,    Part  2  ;    1  cubic  centimeter   of 
this  solution  is  equivalent  to  .005  milligram  of  sugar. 

(50)  As  50  cubic  centimeters  of  gas  are  taken,  and  this, 
on  average,  contains  20  per  cent.  CO^  the  amount  of  CO,  in 
each  determination  weighs  19.77  milligrams.     The  absorp- 
tion of  CO^  by  a  potassium-hydrate  solution  is  expressed  by 
the  equation :  2KOH+  CO,  =  K,CO,  +  H,O  and  43. 89  parts 
of  CO,  are  absorbed  by  112  parts  KOH.     Then,  43.89  :  112 
=  19.77  :  x,    when   x  =  50.45    milligrams   KOH,    and    as 
600  determinations  are  made,  50.45  milligrams  X  600  •=  30.27 
grams,  or  30.27  grams  of  KOH  would  be  consumed. 
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(51)     The  first  step  to  be  taken  is  to  calculate  the  per- 
centage of  cane  sugar;  we  employ  formula  7, 

_  1005 

r  142.66-^°' 
and  substitute  the  known  values, 


R  =  =  TO.  636*  cane  sugar.     An, 

For  the  calculation  of  the  invert  sugar,  we  have  to  calcu- 
late the  proportion  R  :  I,  and  the  value  for  Z,  in  order  to 
obtain  the  value  F,  which  is  needed  for  formula  8. 

The  known  values  are  Cu  =  .315,  W  —  3.5,  and  the  per- 
centage of  cane  sugar  P  —  70.636  per  cent. 


±^L  =  -^  -  .1575  =  Z 
100 


*w 

100  P  — •»  — "       _  94  01  _  ^ 

P+j    "  70.636  +  4.5  " 

100 -tf  =  100-94.01  =  5.99  =  /. 
R  :  I  =  94.01  :  5.99. 

By  consulting  Table  5,  we  find  that  the  vertical  column 
headed  "/  =  150  "  is  nearest  to  Z  (  =  .  1575),  and  the  ver- 
tical column  94  :  6  is  nearest  to  the  ratio  R  :  I  (94.01  :  5.99). 
Where  these  two  columns  meet,  we  find  the  factor  51.6,  and 
can  now  apply  formula  8, 

CuF        .315X51.6 
w     =  — .=  4.644$  invert  sugar. 

Hence,  the  sample  contains     70.636$  cane  sugar.      )    . 

4.644$  invert  sugar,  f 

(52)  Since  1  cubic  centimeter  of  standard  potassium 
permanganate  corresponds  to  .004  gram  of  iron,  and  24.6 
cubic  centimeters  correspond  to  .0984  gram,  then,  .323 
gram  of  iron  taken,  less  .0984  gram  of  iron  not  oxidized  by 
the  bleaching  powder,  equals  .2246  gram  of  iron  oxidized  by 
the  sample. 
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Since  56  parts  of  Fe  correspond  to  35.5  parts  of  67,  we 
obtain  the  proportion  : 

56  :  35.5  =  .2246  :  x, 

when  x  —  .1424  gram  available  Cl.  .4  gram  bleaching 
powder  contains  .1424  available  chlorine.  1  gram  contains 
.356  gram,  or  35.6  per  cent.  Ans. 

(53)  58.  647  milligrams 

(54)  Using  formula  6, 


and  substituting  the  known  values,  we  obtain 

riOQx  1.0328  -(2.56X1.0328)        T  f25x 

-  L  100-1.0753(2.56x1.0328)         1  J  l 

when  t  =  8.720. 

Then,   total    solids   not   fat  =  8.720$,   and   fat  =  2.56$; 
hence,  total  solids  =  8.720  +  2.56  =  11.28$.     Ans. 

(55)  See  Arts.  59  and  GO. 

(56)  As  210  milligrams  of  cupric  oxide  equal  168  mili- 
grams  Cu,  referring  to  Table  3,  we  find 

165  milligrams  Cu  =  1  2  0.2  0 

3  milligrams  Cu  X  .  75  =         2.2  5 

168  milligrams  Cu  —  1  2  2.4  5  milligrams  Cl9Hn,  H^O. 

Ans. 

(57)  See  Art.  64  et  seq. 

(58)  See  Art.  114  et  seq. 

(59)  See     Art.     224:.      33.5-25  =  8.5;     .000176x8.5 
=  .0015.     Then,   1.4652  +  .0015  =  1.4667    refractive   index 
at  standard  temperature.     Ans. 
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